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Boulder Dam Progress 


HE SECOND construction stage on the Boulder Dam project 
is fast becoming history. Notable accomplishments have fol- 
lowed one another in rapid sequence. A year ago our issue 
of December 15 was composed of ten articles commemorating 
the completion of the first stage of the construction. Such a high tempo 
of activity had been maintained on that preliminary work, leading up to 
river diversion, that the project was a year ahead of schedule. Now, 
after another twelve months of even greater accomplishment, the work 
appears to be a full two years ahead of the originally scheduled date of 
completion. How such success has been achieved is told in the following: 


A Year of Achievement, by Elwood Mead 
Future Plans at Boulder Dam, by R. Fk. Walter 
Mass Concrete and Heat Control, by B. W. Steel 
Reviewing the Accomplishments of 1933 
Mass Concreting at a Record Rate 
Refrigeration of Mass Concrete 
Welding Heavy Steel Penstock Pipe 
Huge Side-Channel Spillways for Flood Control 
Record-Size Cableway Spans Black Canyon 
Intake Towers and Penstock Tunnels 


Mystery of Inner Gorge Revealed by Excavation 


McGraw-Hill Publishing Company, Inc. 
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BYERS WROUGHT IRON 


@ Experience, plus service 
records, was responsible for 
the decision to specify Byers 

Wrought Iron Plates for these, 
recently built, riveted and 
welded stacks. 


STOP 


premature smoke stack failures 


EE... DAY flue gas corrosion col- 


lects a heavy toll because some 
other metal has been substituted for 
the job that wrought iron has done so 


well for years. 


Consider the corrosiveness of flue 
gas service. Inside, is the acid con- 
densate of flue gases. Outside, 
corrosive salts are deposited by the 
evaporating moisture. This double 
action, further aggravated by heat, 
makes short life of metals other than 


wrought iron. 


But resistance to corrosion is only 
one of the requirements of smoke 
stack service. A smoke stack must 
either be massive and rigid or it must 
be able to withstand sway motions. 
Wrought iron, because of its inherent 
qualities, does not crack, embrittle or 
fail prematurely. Furthermore, the 
typical wrought iron surface holds 
paint longer. 


Check over your smoke stacks now. 


GENUINE 


BYERS issaren 


PIPE - WELDING FITTINGS - 


PLATES - SHEETS - CULVERTS - 


Study their service life—the cost 
of upkeep, painting and repair. Your 
own experience with the life of met- 
als in smoke stack service, together 
with the many wrought iron service 
records we have collected, will back 
up your decision to use wrought 
iron and stop premature smoke stack 


failures. 


Actual service records, photos of 


recent installations, engineer- 


RIVETS - 


ing data and specifications and 
estimating prices are readily 
available to anyone responsible 


for the design, purchase or con- 


PUT YOUR 
FAITH IN 
SERVICE 
RECORDS 


struction of smoke stacks or smoke 


ducts. Just ask a Byers Engineer for 


“Flue Gas Facts” 


neering Service Department. 


or write our Engi- 


A. M. Byers Company, Established 
1864. Pittsburgh, Boston, New York, 


Philadelphia, Washington, 
Chicago, St.Louis, Houston, 


Los Angeles. 


PRODUCTS 


SPECIAL BENDING PIPE - BAR IRON 


FORGING BILLETS - STRUCTURALS 
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Mighty Tester of Trucks 


le most gruelling punishment meted out to trucks ure Ball Bearings The extra factor of safety built 


since the Great War is being encountered on the into these fine bearings, because of. costly forged 
Boulder Dam job Tons of rocks literally dropped steels, is certainly needed and appreciated iffe) 
into the trucks. Clouds of abrasive dust. Trucks are make profits, contractors must have faster, better, 
battling up steep inclines hauling millions of yards more economical machinery Help yourself and 
of earth. Treacherous footing. Backing in reverse your industry by buying new equipment ... and be 
for miles at the edge of precipices. Every grief im sure that New Departure Ball Bearings are engineer 
aginable is met and surmounted Tome a Mohamiat= ed into them. The New Departure Mfg. Company, 
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SECOND STAGE AT 
BOULDER DAM 


This issue chronicles the opera- 
tions involved in stage 2 of the 
Boulder Dam construction. By chance 
it follows just a year after the special 
issue of Dec. 15, 1932, which was 
devoted to stage 1, the work leading 
up to river diversion. Progress then 
was one year ahead of schedule; due 
to remarkable speed of construction 
during 1933 it is now a full two 
years ahead. The procedures which 
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have made this record possible are de- 
scribed in eleven articles in this issue. 
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A Year of Achievement 


ber 15. An interval of one year had 
elapsed since my preceding visit. 
In that time the river had been turned 


l VISITED Boulder Dam on Novem- 


dam excavated, the concrete 
mixing plant and works for 
the fabrication of penstock 
pipes had been erected and put 
in operation. It had been a 
year of remarkable achieve- 
ment, marked by the installa- 
tion of equipment of greater 
size and strength than ever be- 
fore required or used. A num- 
ber of construction records had 
been broken. 

The construction of Boulder 
Dam and power plant goes on 
day by day with the same or- 
der and efficiency that has 
marked these operations from 
the beginning, but today con- 
struction is more varied and 
complicated. Six Companies, 
Inc., is not only building the 
dam, but is driving and lining 
penstock tunnels and preparing 
the foundations for the power 
house. The Babcock & Wil- 
cox Co. is fabricating the 
great penstock pipes. The 
gates that regulate the flow of 
water to the turbines are being 
installed and in_half-a-dozen 
great factories of the country, 
power equipment, of which the 
turbines and the generators 
are the largest ever made, is 
being constructed. This re- 
quires that different operations 
shall fit into each other to 
avoid confusion and delay. It 


at Boulder Dam 


By Dr. Elwood Mead 


Commissioner. U. 8S. Bureau of Reclamation, 


Washington, D. 


Black Canyon as it appears at present. 


places on the Bureau of Reclamation a 
greater burden than ever before in pre- 


paring for the contractors the details 
from its course, the foundations of the of plans. The tracings of these details 


Cc. 
turned 





Nearly 1,000,000 yd. of 


concrete have been placed in Boulder Dam. 


out of the Denver office each 
month run into hundreds. The accom- 
panying view is indicative of the opera- 
tions that are plugging the gorge of the 
Colorado River for the first time. 


The area between Boulder 
City and the dam site, including 
the canyon walls on both sides 
of the river, is more striking 
than ever before. Thousands 
of tourists visiting the project 
each week are carrying back 
to their homes stories of the 
impressiveness of these colos- 
sal operations. A tourist bu- 
reau to pilot visitors and ex- 
plain what it all means is being 
run as a private enterprise and 
is proving a profitable conven- 
ience. 

The network of highways 
which traverse the deep gorges 
and precipitous cliffs between 
Boulder City and the dam is 
one of the spectacular features. 
Buses traveling over these 
roads carry 150 workmen at a 
load from Boulder City to the 
job. Scenic panoramas of the 
highway are supplemented by 
those of the bridges and sus- 
pended cableways that span the 
river from canyon wall to 
canyon wall. Some of these 
cableways are the largest ever 
made, and with powerful op- 
erating machinery are a vital 
factor in the employment of 
thousands of workers, who 
continue to make new records 
in speed of construction. 

It now appears that water 
will begin to be stored in 1934 


733 
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and power generated in 1935, nearly 
two years in advance of the original 
schedule. 

When I first saw the site of Boulder 
City it was a hideous desert. Now at- 
tractive headquarters of the government 
and contractors, churches, stores, a 
motion-picture house, the largest in 
Nevada, and the new hotel, all set in 
an expanse of well-kept lawns and 
thousands of trees and shrubs, present a 
picture not only of comfort but of 
beauty, which has helped to develop 
in more than 5,000 residents a civic 
pride that is one of the influences which 
goes to build up the remarkable morale 
of this organization. To the original 
desire of the Bureau to do all that was 
possible to insure health and comfort 
to the workers, there has been added, 
through cooperation with those work- 
ers, an attractiveness and beauty that 
is causing many of the business men and 
workers to desire the town as a perma- 
nent home. They are hoping that the 
completion of the dam may be followed 
by the establishment of industries which, 
with the visitors attracted by the scenic 
beauties of the great lake that is to 
stretch up the canyon for 100 miles, 
will make Boulder City a permanent 
and substantial town. 

On my recent visit I first visited the 
canyon at night. The 20-ton buckets 
carrying 8 cu.yd. of concrete at a trip 
were being loaded and handled more 
quickly and with more accuracy than 
even seen before. This smoothness of 
operation permits more than 6,000 
cu.yd. of concrete to be placed in the 
dam each day. This speed has been 
made possible by the improvements in 
the details of the cooling system, under 
which the 2-in. pipes originally con- 
templated have been displaced by 1-in. 
tubes with very thin walls, by which 
the temperature of the concrete is being 
lowered to 54 deg. before the next layer 
is placed. 


Benefits are nation-wide 


An interesting point about all these 
construction operations is the wide dis- 
tribution of the money spent for the 
project. A common error of thinking 
assumes that this money is expended in 
Arizona and Nevada alone, but at this 
time 40 per cent of the monthly pay- 
rolls are going to buy steel, pay for 
fabrication of gates, turbines and gen- 
erators, all of which comes from east 
of the Mississippi River. One has to 
talk with those who operate these great 
industrial works to know what a con- 
tribution the construction of Boulder 
Dam is proving to be to our industrial 
recovery. 

The personnel that planned this de- 
velopment and that is directing con- 
struction has shown itself equal to the 
task. In the Reclamation Bureau R. F. 
Walter, as chief engineer, John Savage, 
as chief designing engineer, and Wal- 
ker Young as construction engineer have 
ably met the emergencies and the dif- 
ficulties as they arose. Six Companies, 
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Inc., is a great organization. Frank 
Crowe and Charles Shea have shown 
courage and resource of high order. 
The fabrication of the penstock pipes, 
30 ft. in diameter, is a major engineer- 
ing problem. I. Harter, vice-president 
of Babcock & Wilcox Co., who directs 


this, belongs to the Boulder Canyon 
group. On the whole, this construc- 
tion is a research school in engineering 
Boulder Dam and power plant not only 
mean great structures but a distinct ad- 
vance in engineering science and 
methods. 


Reviewing the Past Year 
at Boulder Dam 


By J. I. Ballard 


Pacific Coast Edi:or, Engineering News-Record 


preliminary stage of construction 

on the Boulder Dam project had 
been completed, marked by the diversion 
of the river, and work was centered on 
building the permanent cofferdams, ex- 
cavating the dam site proper and con- 
creting the dam to an elevation above 
flood level. Today, this second and in- 
termediate stage of the program is fast 
becoming history and the operations are 


| ya MONTHS AGO the 


features of the work for the following 
year. For the proper orientation of the 
material presented in the following pages 
and to provide a link between these two 
special issues it is proper to review 
briefly the accomplishments of the past 
twelve months. 

When the river was diverted from its 
channel into the 50-ft. diameter tunnels 
on Nov. 13, 1932, it was the signal for 
the start of a phenomenal excavation 
and earth-moving operation. To insure 
an uninterrupted construction program 
in the canyon, it was essential to com- 





One of the pleasing vistas in Boulder City, looking from the yard in front of the administration 
building toward the hospital of the Six Companies. Other sections of the town still retain much 
of the desert ‘character, with no grass and the sand drifting over sidewalks and streets. 


settling down to the final stage—manu- 
facturing and placing 3,400,000 cu. yd. 
of concrete in the dam. A year ago the 
work was described in terms of “excava- 
tion and trucks”; today the feature is 
“concrete and cableways.” Then, it was 
a deafening roar of machines and explo- 
sives in the fierce drive to get the coffer- 
dams finished and the site ready; today, 
the atmosphere is characterized by a 
quiet, orderly rhythm of concrete plac- 
ing with the swing of giant cableways. 
A year ago, at the completion of the 
first major stage of the construction pro- 
gram up to the diversion of the river, 
the history of the project and a review 
of all operations were presented in a 
special number of Engineering News- 
Record, Dec. 15, 1932; the present issue 
brings this reporting to date. This sec- 
ond progress review outlines the work 
of the past year and describes in detail 
the concrete, its development and char- 
acteristics. and the methods of placing 
which will constitute one of the main 


plete the two permanent cofferdams 
before the spring and summer flood sea- 
son of 1933. It was equally important 
to prosecute the excavation of the dam 
site at the same time from the stand- 
point of economy in time and use of 
equipment. As a result, the two opera- 
tions were combined, and week after 
week trains and trucks moved in and 
out of the canyon at an ever-increasing 
pace. During the month of December 
440,000 cu. yd. of fill was placed in the 
upstream rolled-earthfill cofferdam, and 
the total excavation handled for the same 
month—fill going into the canyon and 
rock coming out—was 593,000 cu. yd. 
This work (ENR, June 15, 1933, p. 
776) involved the use of about 80 trucks 
and seven trains and continued at high 
speed through the month of March. 
The volume of excavation decreased 
as the work approached final clean-up 
late in the spring with the opening up 
of the narrow gorge in the center of the 
channel (page 735). Finally, foundation 





~— ae ee 





a 


=~ ™ Oo ® CeO “TUN be 


7) 








December 21,1933 — Engineering News-Record 


rock was exposed over the entire area 
and received geological approval. Along 
the line of the upstream face of the dam 
the cutoff trench was extended farther 
into rock, narrowing to a width of about 
10 ft. and extending at its lowest point 
to El. 503, which is about 140 ft. below 
original low-water surface (El. 645) at 
the site. This depth for the lowest con- 
crete fixes the total height of the dam 
as 729 ft. to the crest at El. 1,232. In 
June, 1933, concrete placing started in 
the dam. The concrete to form this 
3,400,000-cu. yd. mass, its antecedents, 
the cement, the mix, forms, placing and 
the important cooling system are de- 
scribed in the following articles. 
While this essential work was going 
forward, other features were kept in 
step to balance the accelerated construc- 
tion program. The two side-channel 
spillways high on the sides of the canyon, 
with a total capacity of 400,000 sec.- 
ft., were practically completed and are 
described by the designer in the article 
on page 754. In preparation for the 
fabrication and installation of the steel 
penstock pipes, a large ultra-modern 
steel-fabricating plant, including provi- 
sions for X-raying welded joints, had 


been built near the site.and was placed 
in operation, rolling and welding sections 
ot penstock. The plant and the methods 
of fabrication are described on page 751. 
Also, the tunneling program to complete 
the smaller penstock and outlet tunnels 
has been completed, and lining is under 
way on these smaller bores (p. 757). 
During the year the floodflow of the 
river did not exceed 80,000 sec.-ft., as 
compared to about 100,000 sec.-it. for 
the preceding year, which is about aver- 
age. Of course, floodflows up to 200,- 
000 sec.-ft. are provided for by the 
permanent cofferdams, which were 
completed months before the 1933 flood 
season, but the low peak provided a con- 
struction advantage in allowing the turn- 
ing of the river out of one or two of 
the tunnels by temporary dams, to per- 
mit work on final grouting and connec- 
tion to the spillways to be continued. 
With almost one-quarter of the con- 
crete already placed in the dam, the 
project continues to move forward to- 
ward a completion date of Dec. 31, 1936. 
The dam itself, according to present 
schedule, will be completed in a nine- 
teen-month period, ending about Decem- 


ber, 1934. 


Future Progress Recharted 
on Work Yet to Be Done 


By R. F. Walter 


Chief Engineer. U. 8S. Bureau of Reclamation, 
Denver, Colo. 


N DECEMBER 15, 1933, more 
Q) nas 800,000 cu.yd., or about a 

fourth of the total of about 3,400,- 
000 cu.yd. of mass concrete in Boulder 
Dam, was in place. At the time of let- 
ting the construction contract in March, 
1931, the tentative construction program 
called for placing the mass concrete 
during the period from December, 1934, 


to August, 1937. If present progress 
of placing continues, this feature of the 
work will be completed by May 1, 1935, 
or two years and three months in ad- 
vance of the date originally contem- 
plated. 


Excavation of the deep central notch in the 

floor of the canyon was well advanced by 

May 1, 1933 (left), amd concrete placing 

started in this area about the middle of 
June (right). 
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One year ago construction had prog- 
ressed so rapidly that it was then esti- 
mated that the river-diversion bulkhead 
gates could be closed and storage of 
water commenced on June 15, 1935, or 
one year ahead of the original program. 
Now it appears that there is an excel- 
lent prospect of performing this opera- 
tion in the late summer of 1934. 

In addition to placing the balance of 
the mass concrete in the dam, there re- 
mains to be completed the construction 
of the following major features: the in- 
take towers, the plate-steel pipe in the 
pressure tunnels, the canyon-wall out- 
let works, the downstream tunnel plug 
outlet works, the power house and the 
removal of the downstream cofferdam 
and rock barrier. 

Of the appurtenant works, probably 
no feature attracts as much attention as 
the four intake towers of reinforced- 
concrete constructiton. These towers, 
tapering from an overall diameter of 
82 ft. at their bases to about 64 ft. at 
their tops, will rest on the canyon walls 
upstream from the dam, two in Arizona 
and the other two in Nevada. They are 
identical in design and will rise from a 
foundation elevation 388 ft. higher than 
the lowest point of foundation excava- 
tion for the dam. The total height to 
the top of the gate-operating house will 
be 380 ft. Each tower will house two 
32-ft. diameter cylinder gates, one at 
the base and the other 150 ft. higher, by 
which storage water will be released to 
the outlet and power penstock tunnels. 

Geological investigations give no in- 
dication of recent seismic disturbances 
in the vicinity of the dam, but on ac- 
count of the great height and relative 
slenderness of these towers it was con- 
sidered wise to design them to take 
earthquake shock. Thus, while con- 
crete in each tower will amount to only 
21,000 cu.yd., 6,500 tons of steel bars 
will be used to provide heavy reinforce- 
ment, amounting to slightly over 150 Ib 
of steel per cubic yard of concrete. 

Single-span steel girder bridges with 
framework incased in concrete will con- 
nect each downstream tower to the top 





A network of cableways swings high over 

the gorge. This one and its mate, both of 

the traveling type, serve the two spillways 
and the upstream portion of the dam. 


of the dam, and to the upstream tower 
on the same side of the canyon. The 
average span length of each of these 
four bridges will be 107 ft. 

Excavation for the towers has been 
completed and construction of the two 
towers nearest the dam is starting, with 
the expectation that they will be com- 
pleted by next June. Present construc- 
tion plans anticipate completion of the 
two upstream towers by January, 1935, 
and the construction of the connecting 
bridges during the spring of that year. 

Excellent progress has been made 
during 1933 by the Babcock & Wilcox 
Co. on its contract for furnishing and 
installing the plate-steel outlet and 
power penstock pipe. The steel plates 
are shipped to the modern fabricating 
plant erected by the contractor near the 
dam site, where they are rolled and 
welded into circular sections convenient 
for short-haul railroad and truck trans- 
portation to the top of the canyon down- 
stream from the dam on the Nevada 
side. The fabricated sections are then 
moved by a permanent 150-ton cableway, 
provided by the government, to the 
mouths of construction adits in the 
canyon walls, whence they are trans- 
ported to their final position in the con- 
crete-lined tunnels and joined to ad- 
jacent sections. 

The total weight of installed plate 
steel involved in the contract is 44,820 
tons. The largest fabricated sections 
will be 30-ft. inside diameter and 24 ft. 
long, with a maximum plate thickness of 
2} in. Such a section will tax the ca- 
pacity of the permanent cableway. 

It is expected that all pipe in the tun- 
nels leading from the downstream in- 
take towers will be installed and ready 
for operation by late fall of 1934, and 
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that the balance of the pipe will be in- 
stalled during 1935 and 1936. 

The canyon-wall outlet works, located 
on each side of the canyon at the ends 
of the upper penstock tunnels, will regu- 
late the flow of all stored water released 
through the downstream towers that is 
not used for the generation of power. A 
valve house will be constructed on each 
side inclosing six 84-in. internal differ- 


ential needle valves and an emergency 


gate for each. These valve houses, 
perched on narrow shelves excavated 
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Diversion Tunnel 


high upon the canyon walls, will 
about 65 ft. high, 35 ft. wide and aln 
200 ft. long, the last dimension be 
parallel to the canyon, Excavation 

these houses has been completed 

cently, and their erection should be | 
ished before next summer. 

The downstream tunnel plug out 
works, located in each 50-ft. inner div: 
sion tunnel several hundred feet u 
stream from the outlet end, will reg 
late the flow of all stored water releas 
through the upstream towers, which 
not used for the generation of powe: 
The interior chambers that house these 
outlet works will have a maximum width 
of about 115 ft. and a height at the loca 
tion of the gate-operating gallery 
about 65 ft. The chambers require the 
widening of the diversion tunnels for a 
length of almost 200 ft. Each chambe: 
will house six 72-in. internal differentia] 
needle valves and an emergency gate fo: 
each. 

A large part of the excavation 
for the tunnel plug outlet works has 
been completed, but present plans call 
for the major construction and the com 
pletion of these works during the first 
six months of 1935. 

The power house, located at the 
downstream toe of the dam, will consist 
of two wings, one on each side of the 
river, which will be connected at their 
upstream ends by a structure accommo- 
dating operation, shop and _ storage 
rooms. The river face of each wing 
will have an over-all length of about 
575 ft., a depth from this face to the 
excavated canyon wall of 76 ft. and a 
height from the generator floor to the 
top of the roof of 85 ft. 

Present plans provide for placing eight 
82,500-kva. units in the Nevada wing, 
and seven 82,500-kva. units and two 
40,000-kva. units in the Arizona wing. 
All power-plant machinery is to be in- 
stalled by the government as needed. 
The greater part of the foundation ex- 
cavation for the power house has been 
completed. It is planned to complete 
the power-house substructure by June, 
1934, and the superstructure prior to 
the following September. 

After completion of the power house 
the downstream cofferdam ‘and rock 
barrier must be removed to clear the 
tailrace for the generation of power. 
This will require the excavation and 
disposal of over 400,000 cu.yd. of earth 
and rockfill materials, which it is 
planned to accomplish during the winter 
of 1934-’35. It is expected that the first 
power units will be placed in operation 
in September, 1935. 

A number of smaller features, and of 
somewhat lesser importance than those 
mentioned, will be in progress of con 
struction during the vext three years. 
It is more than likely, judging from the 
past rapid progress made, that all fea- 
tures of the work will be completed by 
the early spring of 1937, or at least a 
year in advance of the date originall) 
contemplated. 
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Mass Concrete for Boulder Dam— 
Its Development and Characteristics 


Size and construction speed dictate new provisions to control heat and 
shrinkage cracks—Properties of the aggregate and mix and advantages of 
the special low-heat cement—Problems of placing and cooling the concrete 


ONCRETE PROBLEMS of a 
magnitude never before encoun- 
tered in dam construction provide 

one of the outstanding features of the 
Boulder Dam project. They result di- 
rectly from the record-breaking height 
of the structure and the relation of this 
dimension to the mass of concrete, for 
if the dam had been twice as long as any 
previous dam, rather than twice as high, 
it would not have attracted such wide- 
spread attention or involved the present 
concrete problems. However, it was the 
volume of concrete which resulted in 
expenditures that, in turn, made feasible 
the research commensurate with the 
magnitude of the problems. 

The preliminary results of these 
studies, which can now be reviewed in 
part for the first time, should form the 
basis for opening a new era in the field 
of large concrete-dam construction. It 
is the intent of this article to present a 
review of developments in mass-concrete 
work that have resulted from the years 
of experience of the Bureau of Recla- 
mation in the design and construction 
of dams, with special reference to the 
unusual features of the concrete used in 
constructing Boulder Dam. 

Past Experi- 
ence — The Bu- 
reau of Reclama- 
tion has been 
placing concrete 
in large and small 
masses since its 
establishment in 
1902. The vari- 
ety of operating 
conditions em- 
bodied in its ex- 
perience resulted 
in various con- 
clusions, includ- 
ing the judgment 
that it was not 
economically 
practicable to in- 
troduce larger 
tock into mass 
concrete than 
could be run 
through the mix- 
er. It was also 
apparent that the 
design of mixers 
to handle cobble- 
rock concrete 
warranted further 
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study to the end that the batch would 
be a uniform mass when dumped. The 
attainment of uniformity in a mass-con- 
crete mix containing cobbles is much 
more difficult than in other classes of 
concrete. 

This experience indicated the desira- 
bility of a combined field and laboratory 
study of the maximum size of aggregate 
permissible in mass concrete and the 
minimum cement requirement for satis- 
factory results, together with many 
other specialized problems. Not until 
the construction of Boulder Dam was 
authorized, however, did the expenditure 
of sufficient funds to carry on such ex- 
periments seem warranted. 


Recent developments 


In recent years it has been noted that 
the combination of construction speed, 
rapid-hardening cement with attendant 
greater evolution of heat, and higher 
dams has resulted in increasing the vol- 
ume change in mass concrete and con- 
sequently has accentuated the number 
and width of contraction cracks. 


cng 





Fig. 1—Early progress on a 3,400,000-cu.yd. mass of concrete, 650 ft. thick from up- to downstream 
face, that presented a great many problems of unprecedented magnitude. Note the columnar 
construction, the central 8-ft. slot for the cooler-pipe headers and concrete placing under way on 


one of the blocks in the foreground. 


It has always been customary in dam 
construction to form radial or trans 
verse contraction joints, but not until 
these modern factors became cumulative 
did the necessity for longitudinal con- 
traction joints become evident. Crack- 
ing is objectionable in any structure, of 
course, but it is believed that cracks in 
a hydraulic structure, such as a dam, 
should be especially avoided, since they 
may directly or indirectly affect the sta 
bility, permeability, appearance and dur- 
ability of the structure. 

The primary cause of cracking is vol- 
ume change resulting from temperature 
variations. To control this volume 
change so as to obtain, by means of 
contraction joints (designed cracks) and 
pressure-grouting, a monolithic dam, 
necessitated research along many lines 
and resulted in the inauguration by the 
bureau of an unprecedented program of 
mass-concrete research. This study has 
been in progress for the past 2% years 
and is now approaching completion. 


Stress distribution 


In the construction of any large dam 
the engineering problems may _ be 
placed in two groups: (1) a design to 
secure a satisfac- 
tory distribution 
of stress; and (2) 
a construction 
plan that will re- 
sult in essentially 
the same distribu- 
tion of stress in 
the finished struc- 
ture as contem- 
plated in the de- 
sign. To fulfill 
the latter, the va- 
rious parts of the 
structure must be 
capable of trans- 
mitting compres- 
sion and shear to 
all adjacent parts, 
which in turn re- 
quires proper 
shaping of the 
contact surfaces 
between adjacent 
sections with re- 
gard to the direc- 
tion and magni- 
tude of the 
stresses to be 
transmitted, 
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Fig. 2—Characteristics of the low-heat 

cements compared to the standard cement 

from the same four mills (A. B, C and D) 
based on laboratory studies. 


All of the above assumptions imply a 
structure which is in effect monolithic. 
lf it is not monolithic and volumetric 
changes take place within the structure, 
the desired stress distribution does not 
obtain, 

The method of providing for volume 
change within the mass is treated later 
in the discussions of refrigeration and 
grouting. If this volume change were 
not provided for, a sequence of stress 
distribution would begin at the time of 
completion, with initial expansion to 
maximum volume as a result of the 
chemical heat generated by the hydrat- 
ing cement, placing all parts of the 
structure in contact. The resulting 
structural unit and the stress distribu- 
tion would be only temporary, however, 
for, as the heat within the mass was dis- 
sipated and the exposed surfaces cooled 
and contracted, parts of the dam would 
be called upon to assume additional load. 
This process of cooling and contraction 


from the exterior might be conceived to 
continue until a condition is reached 
where the entire load on the structure 
is carried by a central core, still intact, 
with a unit stress greatly in excess of 
the allowable, possibly impairing the 
safety of the structure. 

To correct this condition would re- 
quire successive grouting of joint open- 
ings and shrinkage cracks over a long 
period of time, as is being done in the 
case of one of the high dams in this 
country. This type of treatment is not 
well adapted to a structure of the mag- 
nitude of Boulder Dam and would place 
responsibility for the safety of the struc- 
ture on a future generation of operators 
who might not appreciate the gravity of 
the situation. The adopted plan of 
cooling and grouting as construction 
proceeds, however, will result in a mono- 
lithic structure, the safety of which will 
not be impaired by volumetric change. 


Specifications 


In the concrete specifications for 
Boulder Dam, special provisions were 
included to insure a mass-concrete struc- 


ture superior to any heretofore c 
structed. In brief, the specificati: 
represent an attempt to secure th: 
qualities which make for the great: 
durability of mass concrete at the lo 
est practicable cost. As evidence of 1 
generally favorable reception accori| 
these specifications, it has been not 
that several specifications for dams pu 
lished since have provided for simi! 
methods and materials. 

Proportioning by weight, which h 
become generally accepted practice, 
incorporated in the specifications a1! 
was amplified by providing that “T! 
equipment shall include an accura: 
automatic recorder, capable of bei: 
locked, for visibly and graphically +. 
cording the time of weighing and t! 
actual amount of each separate concre: 
ingredient weighed out.” Further, t! 
desire for greater uniformity in concret 
consistency from batch to batch led : 
the provision which required the co: 
tractor “to equip each mixer with an 
efficient recording consistency gage ani 
timer” for indicating and recording th 
consistency of the mix during its sojourn 
in the mixer. 

Maximum slumps were specified for 
the various classes of concrete, with the 
provision that “Only sufficient water 
shall be used to secure a plastic concret: 
of suitable workability which, withou: 
segregation, will flow or can be worked 
properly into place with thorough spad- 
ing or working,” and with the further 
provision that “The government re- 
serves the right to require a lowe: 
water-cement ratio in any and all mixes 
than required to produce these slumps 
whenever, in the opinion of the con- 
tracting officer, such lower water-cement 
ratios are practicable and will produc: 
concrete of better quality.” 

The curing of mass concrete in the 
dam was adequately provided for in th 
specifications by the provision that ‘Al 
horizontal construction joints in the 
dam shall be kept continuous!) 
moist, regardless of time, until they ar: 
covered with concrete,” and that “Th: 
upstream and downstream faces of the 
dam and the surfaces of all contraction 
joints in the dam shall be kept continu- 
ously moist for at least two weeks after 
the concrete is placed.” 


Special cement 


Desire for the utmost in durability 
was the primary motive which dictate‘ 
the features of design and construction 
The selection of a special cement wa: 
only one of the many developments in 
connection with the manufacture of mass 
concrete. 

Cement having qualities different from 
that usually purchased under feder«! 
specifications SS-C-191 was first con- 
sidered to assist in control of maximu™ 
temperatures in the concrete and thu: 
decrease the total amount of heat to le 
extracted. Since it was necessary t? 
control the chemical composition of the 
cement to obtain lower heat-generating 
qualities, it was decided to investigate 
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at the same time the possibility of ob- 
taining other desirable qualities such as: 
(1) increased workability by closer con- 
trol of the fineness; and (2) greater 
durability by modifying the chemical 
constituents. Cement specifications were 
reviewed in Engineering News Record, 
Nov. 10, 1932, p. 558. The cement is 
at present being purchased from four 
mills in southern California and blended 
at the dam site. 

The reduction in water-cement ratio 
that resulted when the special cement 
was substituted for standard cement 
in August was from 0.642 to 0.597. 
Fig. 2 indicates the principal properties 
of four brands of low-heat cement and 
regular commercial cement from the 
same mills. The data applying to low- 
heat cement are representative of about 
200,000 bbl. used during September, 
1933. In general, the characteristics of 
the finely ground special low-heat ce- 
ments (high in dicalcium silicate and 
low in tricalcium silicate and tricalcium 
aluminate) as compared with the higher- 
heat commercial cements are: 

(a) Heat generation about one-third 

less. 

(b) Marked improvement in work- 


ability of concrete with lower 
water-cement ratio, due princi- 
pally to higher fineness. 

(c) Greater uniformity of concrete 
as a result of blending and con- 
trolling composition. 

(d) Less rapid strength development 
but probably greater ultimate 
strength in mass concrete. 

Results of recent research also indi- 

cate that greater durability may be ex- 
pected with the special cement now 
being used at Boulder Dam as a result 
of the decreased tricalcium aluminate 
content. In this connection it is be- 
lieved that control of this compound, 
as adopted for the limiting of generation 
of heat, is worthy of serious considera- 
tion for all cements because of the ap- 
parent effect on durability. 

Standard cements from 

plants, and even from the same plant 
over a period of time vary considerably 
in physical and chemical properties due 
to the variability of raw materials and 
manufacturing control. As a result of 
the improvement brought about by 
blending, it is a certainty that if the 
project were to be started over again, 
all cement would be blended to eliminate 


different 


TABLE I—GRADING OF ARIZONA GRAVEL USED IN BOULDER DAM CONCRETE 























Sand Gravel Combined 
Sieve Per Cent Cumulative Per Cent Cumulative Per Cent Cumulative 
o126 Retained Per Cent Retained Per Cent Retained Per Cent 
9 in. see ietes 0 0 0 0 
6 in. Sedae: 1M . then 9.41 9.41 6.98 6.98 
3 in ; hE 7. eeeae 21.61 31.02 16.04 23.02 
a eae ern | oper ee 23.48 54.50 17.41 40.43 
iz ick ee ees 20. 63 75.13 15.31 55.74 
oe Ue ee | ee ee 14.63 89.76 10.85 66.59 
RM Rg 10.24 100.00 7.60 74.19 
No. 8 17.01 See Bh  eheda meee 4.39 78.58 
No. 14 11.63 | i eee 3.00 81.58 
No. 28 15.03 43.67 3.88 85. 46 
No. 48 41.54 85.21 10.72 96.18 
No. 100 12.34 97.56 3.19 99.37 
Pan 2.44 100.00 sn ME oe dita ai 0.63 100.00 
Total 100.00 F.M. = 2.72 100.00 F.M. = 8.60! 100.00 F.M. =. 08 
TABLE II—PROPORTIONS OF THE MI: AND CHARACTERISTICS 
OF THE BOULDER DAM CONCRETE 
Weight 
Size, Propor- Dry-Rodded, Spec. Voids, 
(In.) tions Cu. Ft. Grav. Per Cent 
hd 1s Uae Rt sabe dN SoA KkeERwEL.-) oo ORO ‘Sen ee «we ~ 
DAP ewbbakbevetctaceeedeeese. | | be qe 2.45 109.6 2.64 33 
Ps Gurntawudeseucscns Sueee 3- Sein! Oo eee a0 a 
PENS iran 6:4 cee na-¢ one's cianneadee : ee goa ce ates 
NNO g nibcred te Soc csaeacGs aus eee. "opens eet 
ae hc cae sa Gu db Baxnidschc’ss 9 BO 4 ki) aaa ant 
I ren eit ae ae <ses 121.0 2.69 28 
NG. av arcidudades Sa baeex 9 |. ~ Sates — 137.6 2.67 17 
MEO li eV ae Sack ack 6 eeB dn ph Sistsivis's . ae oad 


One part cement to 9.50 parts total aggregate. 


Mass Concrete Characteristics: 

Weight 156 Ib./cu. ft. 
¥/C 0.54 by weight 
Paste content 19.5% 
Poisson's ratio 0.18 


Slump 3} in. at forms 

Cement yield 1.01 bbl. /cu. yd. 

Modulus of elasticity 5,200,000 

Strength (28 days) in 36x72-in. cylinders 3,100 Ib./sq. in. 


TABLE III—COMPRESSIVE STRENGTH OF BOULDER DAM MASS CONCRETE 
(Pounds per Square Inch) 





Full-Mass Mix, 9-in. Max. Size 


Wet-Screened t~ 1}-in. Max. Size 














“36x72-In. 
r 18x 36-In. to 36x72- In. Cyl. Cyl. 6x 12-In. Cyl. 
‘est EE ee — =aens 
Age Standard C ured Mass Cured ‘Std. Cc ured| ‘Std. Cured Mass c ured 
n See ee ee ee en a — ee a fe =— —_aae 
Days High- Low- High- Low- High- High- Lew High- Low- 
Heat Heat Heat Heat Heat Heat Heat Heat Heat 
cement | cement | cement | cement cement cement cement cement cement 
7 ail stil pi Sisal 260 2,990 1,440 3,680 2,240 
28 3,100 2,670 3,640 3,120 3,370 4.040 3,210 5.010 4,090 
90 3,680 Pulls seus in .920 5,050 4,360 5,180 4,350 
345 4,250 6,070 ie das snes piel 
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the trouble experienced from non-uni- 
formity of cement of various brands. 


The mix 


Mass concrete for Boulder Dam con- 
tains 1 bbl. of cement per cubic vard. 
The selection of this minimum cement 
content is the result of past experience, 
laboratory studies, design stipulations in 
regard to strength and a careful digest 
of available data on durability and 
permeability. 

The Arizona gravel pit, the source of 
aggregate supply, is a typical water- 
borne deposit of well-rounded particles 
of excellent quality. The sand is largely 
quartz, while the gravel is made up 
principally of limestone, intermixed with 
granite, basalt and quartzite. The ma- 
terial is unusually clean and contains no 
organic impurities. 

The average grading or yield of the 
deposit was determined from test pits. 
Grading was changed only slightly in 
the final mix design resulting from large 
cylinder tests in the Denver laboratories 
of the bureau. The only changes from 
the natural grading were: (1) slight 
reduction of the No. 48 and smaller 
sizes; and (2) crushing of the material 
retained on a 9-in screen. Limiting the 
maximum size to 9 in. was desirable 
from the standpoint of mixing and plac- 
ing operations. 
Table I. 

Comparison of Table I and the char- 
acteristics of the proportions of the con- 
crete mix shown in Table II indicates 
that Boulder Dam is essentially a trans- 
position of the Arizona gravel deposit 
with the voids filled by a high-quality 
cement paste, since the paste content in 
the concrete is only 2 per cent greater 
than the void space in the dry rodded 
aggregates. 


Grading is shown in 


Properties of the concrete 


Compressive strength of the concrete 
(Denver tests) is shown in Table III. 
In this table the term “standard cur- 
ing” refers to storage in fog rooms 
maintained at 70 deg. F. (+2 deg.), 
and “mass curing” indicates curing adia- 
batically in sealed containers on a rising 
temperature cycle for 28 days and at 70 
deg. F. thereafter. 

Extensive tests show that identical 
strengths for the full-mass mix (9-in. 
maximum aggregate) are obtained in 
18x36-in., 24x48-in. and 36x72-in. cyl- 
inders. This fact greatly simplifies the 
testing of mass concrete, since an 18x36- 
in. specimen requires only one-eighth 
as much material as a 36x72-in. test 
eylinder. 

Young’s modulus for the full-mass mix 
in large cylinders varies from 5,200,000 
to 6,500,000, according to curing, type 
of cement and age at test: the average 
value is about 5,700,000. The 115-in. 
maximum wet-screened concrete in 
6x12-in. cylinders gave values from 
4,900,000 at seven days to 6,450,000 at 
one year. Poisson’s ratio varies from 


018 to 0.23. 
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TABLE IV—COMPARISON OF DENVER LAB- 
ORATORY AND FIELD TESTS FOR 
CONCRETE 


Denver 


Lab. 


Test 
High-Heat Cement 


Field 


Net W e by weight. . : 0.56 0.53 
Slump, in. | Si 
Actual 28-day strength ....... 3760 4040 
Adjusted 28-day strength 4250 4040 


Low-Heat Cement 
Net W/C by weight 0.53 om 
Slump, in 3] } 
Actual 28-day strength 3210 21 
Adjusted 28-day strength. 3310 21 


The relation between full-mix strengths 
in large cylinders and the 1'2-in. maxt- 
mum wet-screened concrete in 6x12-in. 
cylinders (usual field-test specimen) is 
indicated in Table III. Apparently this 
relation for the Boulder Dam mix varies 
only with strength, while type of cement, 
method of curing and test age have no 
appreciable effect. 

Unusually close correlation has been 
obtained between the field and labora- 
tory. Various mixes have been tried in 
the field, and at present the field mix 
and gradation are almost identical to 
those established by the large cylinder 
tests in Denver and the test-pit explora- 
tions. 

It is gratifying that this. gradation 
has been proved by actual gravel-plant 
operations and that practically the only 
waste material is a small proportion of 
the finer sizes of sand which are re- 
moved by washing in the sand classifier. 

The Denver laboratory and _ field 
values for water cement ratio, slump and 
compressive strength of 11-in. maxi- 
mum wet-screened concrete in 6x12-in. 
cylinders at 28 days are given for com- 
parison in Table IV. High-heat (ordi- 
nary) cement was used in the lowest 
sections of the dam as a result of the 
advance in the contractor’s placing 
schedule. The field values given for 
high-heat cement are averages for the 
period from June, when the dam was 
started, to August, when the use of low- 
heat cement was initiated. The values 
given for low-heat cement are averages 
for the month of September. 

Field slumps are determined at the 
mixers and correspond to about 3 in. 
at the forms, the loss results from the 
appreciable length of time between mix- 
ing and deposition under conditions of 
extremely high temperature and low 
humidity. Reducing the field slump to 
31in. would lower the water-cement 
ratio to 0.53, the same as the laboratory 
value. 

Field strengths must be increased by 
8 per cent to be directly comparable with 
the laboratory results, due to the fact 
that the uniform method of load applica- 
cation as used in the Denver tests yields 
higher values than standard loading 
(0.05-in. head travel at idling speed) 
employed in the field. The adjusted 
values (Table IV) for field strengths 
are reduced to the same water-cement 
ratio and method of testing basis as the 
laboratory results, for the purpose of 
direct comparison. The agreement, 
within 5 per cent for the high-heat 
cement and 3 per cent for the low-heat 
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cement, is most remarkable considering 
the many variable factors involved, 
which singly or collectively might ac- 
count for the difference. 

The field strength of 3,210 lb. per sq. 
in., when increased by 8 per cent for 
uniform loading conditions, becomes 
3,470, which, from the test results giving 
the relation between wet-screened and 
full-mass concrete, corresponds to a 
strength of 2,780 lb. for mass concrete 
in large cylinders at 28 days. It is to 
be noted that this value is somewhat 
higher than the 2,500-lb. strength re- 
quired by the specifications. 

The field and laboratory experience in 
connection with mix design and speci- 
fications indicates rather conclusively 
that the mix design can be more advan- 
tageously developed in the laboratory 
than in the field, provided the laboratory 
is suitably equipped, sufficient prelimi- 
nary data regarding field conditions are 
obtained and representative samples of 
aggregates are available. The problem 
is essentially one of engineering design, 
and the solution is a function of the 
designing rather than the construction 
organization. 


Placement 


From the standpoint of both struc- 
tural results and contractor’s cost, the 
various phases of placing mass concrete 
are of vital importance. In Boulder 
Dam every effort has been extended to 
secure a high degree of uniformity of 
placement from batch to batch. The 
requirement for bottom-dump buckets 
was ar attempt to secure placement 
without segregation and with a mini- 
mum variation in the water content. 

If it were economically practicable 
to deposit mass concrete in units of 1 
or possibly 2 yd., so that no movement 
would be required except to provide con- 
solidation and intimate contact with 
previous adjacent batches, there is little 
doubt but that 1- to 14-in. slump con- 
crete would be desirable. But when 
concrete is placed by cableway in 8-yd. 
buckets under remote control, it is vir- 
tually impossible to deposit the concrete 
exactly as desired. Consequently the 
concrete must be spread out and trans- 
ported horizontally to some extent, ne- 
cessitating flow within the mass and 
resulting in more or less segregation. 

Gravity is the principal active force 
in the production of dense concrete. 
Spading, working, tamping and vibrat- 
ing serve mainly to assist gravity in 
securing a minimum volume by a better 
arrangement of the component particles 
of the mass and by the expulsion of en- 
trained air. Extensive tests in the 
Denver laboratories led to the conclu- 
sion that compaction by internal vibra- 
tion as compared with other methods 
results in more uniform distribution of 
aggregate particles, improved quality 
and texture of the matrix, greater den- 
sity and greater ease in placing harsh 
or dry mixtures. Conditions at Boulder 
Dam during the past summer months 
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Fig. 3—Gradation of the mass mix show- 
ing the close relation of values obtained 
in the Denver laboratory and the field. 
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necessitated placing of the concrete on 
a slope in order to keep the workin; 
surface alive until another layer coul:! 
be placed. The attainment of max 

mum density and uniformity is thu 
complicated, as there is a tendency t 

ward the formation of porous area 
along the slope between  adjacen 
batches. This tendency is due to tl 

fact that the surface concrete on 1! 

slope is unconfined and for this reaso 
cannot be properly consolidated. 

The specifications provided that, “In 
general, a wetter consistency than that 
corresponding to a slump of 3 in. 
point of placement . . . will not be pe: 
mitted for the main portions of the struc 
ture.” Slumps from 1 in. up have been 
tried under actual operating condition 
of placement in 8-yd. batches, and the 
conclusion has been reached that, all 
things considered, a slump of 24 to 3 in 
yields the most satisfactory result-. 
eliminating the necessity for the use 0! 
vibrators. Concrete of 1- to 15-in 
slump is entirely practicable and wii! 
yield a superior concrete if properl) 
placed and consolidated, but it cannot 
be properly placed in 8-yd. units with 
the mix proportions and placing equip 
ment being used and under the climatic 
conditions at Boulder Dam. Even if it 
could, the net result would amount on|\ 
to about 10 per cent increase in strength 
and corresponding improvement in re- 
lated properties. 

When the gain in strength, durabilit 
and impermeability of a drier mix ai 
weighed against the increased harshnes- 
cost of placement and tendency to non 
uniformity in compaction due to de 
creased plasticity, the disadvantages wil! 
be found to outweigh the advantage: 
not because the ideal is impossible o/ 
attainment but because it is not prac 
ticable under the operating condition- 
prevailing on this project. It is fa: 
more important to have uniformit 
throughout the entire mass than to ha\ 
slightly stronger concrete of question 
able uniformity. 

The foregoing is not a condemnatio! 
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of large units for placing mass concrete 
or of a 1- to 14-in. slump concrete, but 
it is an attempt to point out that a 
happy medium based on a recognition of 
job conditions is often the only logical 
solution. 

In the placing of mass concrete, the 
bonding of new concrete to old is a 
factor of considerable importance if 
watertightness is to be attained. Lai- 
tance or porous concrete along a hori- 
zontal joint provides a channel for seep- 
age which may lead to objectionable 
consequences. Various methods for 
cleaning up the horizontal construction 
joints preparatory to a succeeding lift 
have been investigated by the bureau. 
As a result of past experience and recent 
experiments, it has been tentatively con- 
cluded that where concrete of proper 
consistency is obtained the clean-up 
shall consist of washing with air and 
water combined under high pressure as 
soon as the concrete has taken its initial 
set. However, if sloppy concrete has 
been used and laitance or inert material 
are present on the surface of the lift, 
or if the concrete has become hard. the 
film of inert or weak material shall be 
removed by clipping and wire-brushing. 
The potential watertightness of concrete 
of the regular Boulder Dam mix, under 
hydrostatic conditions applicable to the 
dam, has been amply demonstrated by 
permeability tests. 


Contraction joint layout 


The dam is divided into columns or 
blocks by radial and circumferential 
contraction joints. These blocks, for 
structural reasons, vary in size from 
25x30 ft. at the downstream face at the 
base of the dam to 50x60 ft. at the up- 
stream face. Concrete is required to be 
placed in 5-ft. lifts as the most satisfac- 
tory height for placing and cooling the 
mass under existing conditions. 

The radial and circumferential sur- 
faces of the contraction joints are inter- 
locked by means of keys (see following 
article) formed to provide maximum 
cross-sectional area for resistance to 
shear after grouting. Metal grout stops 
are placed across radial contraction 
joints at both the upstream and down- 
stream face of the dam and across the 
circumferential joints at each junction 
with a radial joint. In the vertical di- 
rection the stops are placed at 50-ft. 
intervals. 


Concrete cooling 


The stress distribution assumed in 
the design of the dam contemplates a 
monolithic structure devoid of cracks, 
as already discussed. This condition can- 
not be obtained until the internal tem- 
perature of the concrete at all points in 
the dam is reduced to a value varying 
from the mean annual air temperature at 
the downstream face to reservoir tem- 
perature at the upstream face. A study 
f these conditions indicates that there 
will be a theoretical temperature gra- 
dient through the dam, varying from 


40 deg. F. at the upstream face, below 
the base of the intake towers (El. 900), 
to 72 deg. F. at the downstream surface 
of the dam above tailwater. The actual 
temperature of a narrow slab of con- 
crete on the downstream face of the dam 
above tailwater and on the upstream 
face of the dam above El. 900 will fluc- 
tuate due to seasonal variation in tem- 
perature. Thus, it is evident that the 
internal temperature of the mass will 
not be the same at all points. The cool- 
ing system is being operated to produce 
as nearly as practicable the final tem- 
perature to obtain in the mass. 

The cooling and shrinking of the con- 
crete is accomplished by circulating 
water through l-in. O.D. 14-gage tub- 


Fig. 4—Little evidence of segregation is in- 
dicated in the action of depositing 8 yd. 
of concrete by bottom-dump bucket. Note 
the keyways on the radial joint at the 
right and the form construction. 


ing buried in the concrete. There are two 
stages in the process: (1) unretriger- 
ated river water is circulated as soon as 
concreting operations permit; this is 
followed by (2) refrigerated water at a 
temperature of 40 deg. F. The supply 
and return headers for the cooling sys- 
tem are located in a vertica] radial slot 
8 ft. wide in the center of the dam. 
Mains from the refrigeration plant con- 
nect with 6-in. headers and supply the 
l-in. cooling-pipe system. The cooling 
pipes are spaced at 5-ft. intervals verti- 
cally and 5 ft. 9-in. intervals hori- 
zontally, and run in circumferential 
loops. The length of a cooling loop 
from header to abutment and return 
varies with the position in the dam, 
from about 600 ft. in the lower 
levels to about 1,160 ft near the crest. 
[Details of the refrigeration plant and 
the cooling system ar e described in a 
separate article, p. 748.—Eptrtor.] 

As already stated, the concrete placed 
in the inner gorge at the base of Boulder 
Dam contained standard portland ce- 
ment. An average maximum tempera- 
ture of 127 deg. F. was recorded in this 


741 


part of the mass concrete. It is antici- 
pated that the average maximum tem- 
perature of the mass concrete in which 
low-heat cement is used will not exceed 
115 deg. F. next summer. An average 
maximum temperature of 80 deg. F. is 
predicted for this winter. These pre- 
dicted values are based on an average 
temperature of 30 deg. F. The maximum 
temperature at any point, of course, is 
an extremely variable quantity depend- 
ing on location, distance from horizontal 
and vertical surfaces, time these surfaces 
are exposed, weather conditions, wind 
velocities in the canyon, time artificial 
cooling is started and other factors. 
Resistance thermometers in sufficient 
number for determining the control of 





the cooling operations are being installed 
in the mass concrete as the work pro- 
gresses. In addition to the temperature 
data turnished by these resistance ther- 
mometers distributed throughout the 
mass, check tests on results of the cool- 
ing operations are being made periodi- 
cally by disconnecting loops at various 
places, allowing 48 hours for the tem- 
perature in the concrete surrounding the 
loop to equalize, and then inserting ther- 
mometers distributed throughout the 
loop to equalize, and then inserting re- 
sistance thermometers 25 to 30 ft. into 
either end of the loop from the surface 
of the cooling slot for temperature read- 
ings. 

Deformations within the mass result- 
ing from hydration of the cement and 
from construction operations are indi- 
cated by a system of strain meters buried 
in the concrete. These strain meters also 
serve as resistance thermometers and 
will later serve to indicate deformation 
in the mass caused by water load as the 
reservoir fills. 

The widths of contraction-joint open- 
ings are being checked at various loca- 
tions by means of Carlson joint meters 
that operate on the same principle as 
the Carlson strain meter (ENR, Oct. 
15, 1931, p. 615), except that the struc- 


tural details are modified to permit 
greater movement between the anchor 
posts. This check-up of contraction- 
joint opening is not as comprehensive as 
the one made at Owyhee Dam, but it is 
believed sufficient to establish the order 
of width of joint opening up to the time 
of and during grouting operations. Con- 
traction joint openings of the order of 
‘x in. are already visible in galleries in 
the lower part of the dam. To date, the 
results of the cooling operations as meas- 
ured by the apparatus agree with the 
calculated results remarkably well. 


How the contraction joints 
are grouted 


After the concrete in each 50-ft. ver- 
tical layer is cooled to the desired tem- 
perature, the cooling slot in the center 
of the dam will first be filled with con- 
crete, and then the radial and circum- 
ferential contraction joint openings, in 
that order, will be filled with neat cement 
grout of varying proportions suited to 
the particular conditions encountered. 
This is to be accomplished through a 
system of pipes buried in the concrete 
adjacent to each joint and having out- 
lets at intervals on the face of the joint. 
The area of joint served by each such 
outlet is 50 sq. ft. on the circumferential 
joints and 30 sq. ft. on the radial joints. 

Experimental results of grouting fine 
cracks under accurate control indicate 
that grout films of excellent quality can 
be produced—the excess water being 
forced into the concrete—and that good 
coverage of the surface of the joint is 
possible for any joint opening more than 
0.01 in. in width. Field cores drilled 
from across contraction joints in Gibson 
Dam, Montana, indicate that where the 
crack is wide enough to secure good 
coverage the film is of excellent quality. 

The necessity for producing a crack 
of sufficient width for grouting purposes, 
without causing so much shrinkage in 
the mass as to produce cracks at other 
than regular contraction joints, is large- 
ly responsible for the block, or column, 
layout designed for Boulder Dam, and 
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Fig. 5—Test of the mass mix including 

9-in. cobbles in a 36x72-in. specimen (left) 

and a sawed surface typical of the mass 
concrete (right). 


also for the stipulations regarding heat 
oi hydration in the specifications for the 
purchase of special cement. 

Experience in both the laboratory and 
the field has proved that for grouting 
fine seams the cement must be screened 
just prior to use if clogging of the seams 
is to be avoided. For this work vibrat- 
ing screens covered with 200-mesh cloth 
are being installed, and the screened c:- 
ment will be stored in four-ply paper 
bags to prevent hydration from ex- 
posure to the atmosphere. The storage 
period after screening will be limited 
to seven days. 

The creation of a desirable film of 
grout in the contraction joint requires: 
(1) grout of the proper consistency to 
flow into and completely fill the joint 
opening; (2) time for the cement in the 
grout to settle out in the joint so as to 
give a film of desired density for proper 
consolidation under pressure; and (3) 
sufficient pressure to consolidate further 
the film and drive excess water into the 
mass concrete. 


Conclusions 


2 ° : 

In the selection of aggregates, in the 
stipulations in regard to concrete plant, 
in the design of the mix, in the use of 
a blended low-heat cement of controlled 
composition, in the requirement for bot- 
tom-dump buckets and in the provisions 
relative to placement and curing, the 
uppermost thought in the construction 
of Boulder Dam has been to produce 
mass concrete of greater durability than 
any heretofore placed by this bureau. 

Experience to date seems to warrant 
the following conclusions relative to 
mass-concrete construction for Boulder 
Dam: 

1. That the structural qualities and 
gradation of the aggregates are the best 
ever obtained in a dam built by this 
bureau. 

2. That the contractor’s plant for the 


production of concrete is probably su 
perior to any ever used on similar work. 

3. That the net effective water-cemen! 
ratio (about 0.53 by weight for the 
special cement) is as low as condition 
on the job warrant for the satisfactory 
placement of mass concrete of 1 bbl. per 
cu. yd. cement content. 

4. That the strength obtained in the 
mass as tested in 36x72-in. cylinders 
(2,500 to 2,800 Ib. per sq.in. at 28 days, 
moist-cured at 70 deg. F.) is ample for 
any stress condition that may result. 

5. That a slump of about 3 in. in the 
forms is resulting in a more uniform 
product than would be obtained with a 
lower slump under the job conditions 
encountered. 

6. That the special cement now being 
purchased and blended at the dam site 
has aided materially in securing a con- 
crete that meets the exacting require- 
ments of this work. 

7. That in placing mass concrete in 
large units the use of a bucket having 
two or more compartments or one in 
which the amount discharged at any 
time could be controlled would result in 
more satisfactory and economical place- 
ment. 

8. That in placing mass concrete con- 
taining cobbles the internal type of vi- 
brator serves to effect a more satisfac- 
tory job of placement around the forms, 
especially when an occasional dry batch 
is encountered, than can otherwise be 
obtained; but that the vibrator as ordi- 
narily used in the field of mass-concrete 
placement is more a tool for transporta- 
tion by flow within the mass than 
means of super-consolidation. 

9. That watertightness of the dam a 
a unit is principally dependent upon the 
thoroughness of the clean-up and curing 
and bonding of the new to old concrete 
at the horizontal construction joints. 

10. That uniformity, as in all other 
mass production, is the most important 
factor in the entire manufacturing proc- 
ess, and that all stipulations relative to 
the mix and the making should first give 
due regard to the effect on uniformity. 
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Million Yards of Concrete 
Placed at Record Rate 


Elaborate cableway system transfers 8-yd. bucketloads to the 
columnar blocks forming mass of dam—Multiple use of individual 
forms for each column—lInstallation of cooling pipes compli- 
cates pouring—Aggregate and mixing plants function smoothly 





Fig. 1—Foundations of the barrier that will block the Colorado. About 32,000 cu.yd. of concrete 

are required for each 5-ft. lift of the dam at this stage of construction. Concrete reaches the dam 

via the double-track railroad hugging the left canyon wall. Five cableways distribute concrete to 
the forms in 8-yd. buckets. 


GAIN shattering all existing rec- 
ords and precedents, as in the case 
of the preliminary operations, 

placing of 1,000,000 cu.yd. of concrete 
at Boulder Dam has gone forward at 
an average rate of more than 6,600 
cu.yd. per day, and during the month 
of October 204,000 cu.yd. was placed. 
The maximum day’s record for concrete 
placed in the dam proper is 7,883 cu.yd. 
At the main mixing plant in the canyon 
the four 4-yd. mixers discharge 16 
cu.yd. of concrete every 3} min., with a 
2}-min, mixing period, and are oper- 
ated by a crew of only eight men. Fol- 
lowing a train haul of 4,000 ft., the 
S-yd. buckets are swung out over the 
dam and into, position for placing by a 
system of cableways with a precision 
and speed that is especially notable con- 
idering the personal element and the 
»~perators’ skill involved. The concrete, 


which was described as to its develop- 
ment and characteristics in the preced- 
ing article, is now traced from the 
mixer to the forms, together with an 
outline of the equipment and operations 


of the contractor’s program. 


General program 


The concrete-placing program for the 
dam proper had to be arranged to cover 
the maximum dimensions of 660 ft. be- 
tween faces and about 1,180 ft. along the 
curved crest. The dam is being con- 
structed in the form of interlocking 
vertical columns, the joints between 
which are to be grouted. The size and 
arrangement of columns are shown in 
Fig. 2. 

In this design the columns vary in 
size from 55x60 ft. near the upstream 
face to 25x30 ft. at the downstream face. 
The average area of the columns is 


NJ 
+. 
w 


about 36x40 ft. (1,430 sq.ft.) Con 
sidering a 5-ft. lift per column as the 
unit otf concrete-placing operations, as 
it involves such common elements as 
form-raising, layout grouting and cool 


1 
} 


ing pipes, clean-up and preparation, the 


number of the individual operations re 
quired is greatly increased over the num 
ber ordinarily necessary in building 
dams. ‘he coordinates of the corners 
of each column remain constant from 
bottom to top, which permits repeated 
use of the forms in the construction of 
individual columns. 

Plan to El. 720—The present con- 
creting which will continue 
up to El. 720, the height of the coffer- 
dams and the level of the railroad line 
from the mixing plant can best be out 


pre cedure, 
*] 


lined by describing the area now undet 
placement (Fig. 1) and the reasons for 
maintaining the sequence of block rais- 
ing. Preliminary placing operations 
luring the first few months, in com- 
mon with all construction operations, 
were not up to the present standard, 
being delayed by the establishing of the 
regular forms, the narrow width of the 
central section of the canyon limiting the 
number of blocks that could be poured 
and the installation of the cableway 
system. 

The specifications allow a maximum 
vertical difference of 35 ft. in the top 
surface of the blocks. Further, the 
elevation of the rows of blocks (from 
up- to downstream face) is to be main- 
tained in the same relative position. 
Thus, under present operations, the two 
rows of blocks on either side of an 
8-ft. central slot, which contains the 
cooling pipe headers, are kept high, the 
next rows on either side are relatively 
lower, and so on, alternating to the 
abutments. Again, in each of these 
rows alternate blocks are maintained 
higher than others. An appreciation 
of this stepped system and its mainte- 
nance is important in following the 
form arrangement and the concreting 
procedure, 

The high blocks of the high rows are 
commonly “leading 
blocks” and, of course, are formed on 
all four sides. The next lower blocks 
of the leading rows are maintained two 
lifts (or 10 ft.) lower and require 
forms only on the two sides, the up- and 
downstream faces being poured directly 
against the concrete in the leading 
blocks. The leading blocks of the low 
rows are formed on the up- and down- 
stream faces and, lastly, the lowest 
blocks in the lowest rows require no 
forms at all, and each lift is placed 
against «oncrete on four sides. If 
there is no interruption in the placing 
schedule, the relative elevation of a 
group of blocks is that shown in Fig. 2. 
A field check is made each morning, 
so that all blocks that are out of step 
can be brought to proper elevation. 

As the surface of the dam is raised, 
abutment blocks are continually being 
started. These, theoretically, begin 


referred to as 
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Section 


Fig. 2—The 3,400,000-yd. mass of concrete 
is béing built up in a series of columnar 
blocks. These diagrams show relative sizes 


and position of blocks and details of key 
in various 


construction joints. 






with a feather edge, which is actually 
widened out, and gradually widen as 
the abutment slopes back until they 
reach full size. Final stripping of the 
abutments in connection with these 
blocks requires the removal of loose 
rock and the usual clean-up just prior 
to pouring the lift. This final removal 
of rock averages 1 ft. in thickness. 
The contact between the concrete and 
the rock is provided with grout outlets 
similar to those in the construction 
joints in the dam. These pipes are 
continued up and the outlet boxes estab- 
lished along the rock line just prior to 
each pour. 

The present area of pour is roughly 
400 ft. long on the upstream face, 300 
ft. along the downstream face and 500 
ft. in the radial direction, containing 
about 165 blocks. The average time 
required to pour a 5-ft. lift in a 25x30- 
ft. block is 15 hours. Even though con- 
crete placing is always under way on 
two or three blocks at once, the pouring 
area is large enough to permit continu- 
ous placement of concrete despite the 
requirement of waiting 72 hours be- 
tween subsequent pours on the same 
block. This area represents a concrete 
volume of about 32,000 cu.yd. per 5-ft. 
lift, and the yardage will remain con- 
stant for several months with the up- 
and downstream distance decreasing to 
compensate for the increasing width in 
the other direction. 

Above El. 720—When the height of 
the dam has reached El. 720, the rail- 
road line from the low-level mixing 
plant will have to be stopped at the 
upstream face. This will mean that the 


buckets of concrete cannot be handled 
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directly by the cableways from train to 
point of pour, except for blocks near 


the upstream face. Otherwise, the 
cableways would have to transfer loads 
and operate with head-tower travel, 
which would be a slow process. To 
overcome this difficulty, a different oper- 
ating program is required for the next 
230 ft. up to El. 950, at which height 
storage will be started in the reservoir 
and the operation of the low-level mix- 
ing plant discontinued. 

A large steel stiff-leg derrick, with a 
136-ft. boom, operated by a 500-hp. 
hoist, will be constructed with its base 
at the level of the intake-tower founda- 
tion on the Nevada side of the canyon. 
This derrick will pick up the concrete 
buckets from the end of the railroad 
track at the upstream face of the dam, 
pour a few adjacent blocks directly and 
transfer the buckets to cableway No. 6, 
the second of the upstream pair of 
cableways (Fig. 3). Cableway No. 5 
will pick up the buckets direct from the 
railroad trestle as before. The two 
cableways on the downstream half of 
the dam will be served from the high- 
level mixing plant. 

When concrete reaches El. 950, the 
low-level mixing plant and the railroad 
will be eliminated by the beginning of 
storage in the reservoir, and above this 
elevation the high-level mixing plant, 
augmented by two additional mixers to 
its full size of four 4-vd. units, will be 
used with the present cableways to com- 
plete the dam and other structures. 


Preparing concrete 


Aggregate Plant—The design and 
operation of the aggregate plant has 








not been materially changed since it 
was described in Engineering News- 
Record, June 2, 1932, p. 783. It has 
continued to prepare the four sizes oi 
coarse, aggregate by dry screening, 
using water only for washing sand. 
Although the designed capacity of the 
plant is 500 tons per hour, it has pro- 
duced as high as 700 tons for extended 
runs. 

Cement Handling—To eliminate any 
variation in color and chemical charac- 
teristics of the cements received from 
the four producing plants in southern 
California, a blending plant was erected 
at the site of the high-level mixing 
plant under a separate contract. The 
operation is designed to provide a ce- 
ment going into the dam, which will 
maintain, in general, the same propor- 
tion of cements supplied by the mills. 
The cement from each plant is stored 
in a separate silo and removed by a 
screw-conveyor system in a_predeter- 
mined proportion. Action of the screw 
conveyor provides the mixing opera- 
tion. From the blending plant the ce- 
ment is pumped to the two mixing 
plants. 

The pumping distance to the high- 
level plant is only about 100 ft., but the 
line to the low-level plant in the canyon 
is 5,700 ft. long with a 510-ft. total 
vertical fall in that distance. The rate: 
capacity of this 9-in. line is 450 bbl. per 
hour, but actual capacity has often ex- 
ceeded 550 bbl. One pump station 
located at the beginning of the line, an‘! 
a second is at mid-point where the line 
reaches canyon-floor elevation. Eac!i 
of these plants is rated to consume 2,00) 
cu.ft. of air per minute which is sup- 
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plied from the permanent compressor 
air system. 

Mixing Plants—The batching equip- 
ment and operation at the main mixing 
plant in the canyon about 1 mile up- 
stream from the dam site were described 
in Engineering News-Record April 14, 
1932, p. 534. This set-up is at present 
duplicated at half size at the high-level 
mixing plant. The mixer installation 
consists of four 4-yd. units at the low- 
level plant and two at the upper plant, 
although plans call for doubling the 
capacity of the upper plant soon. The 
batching equipment is designed to oper- 
ate both manually and automatically. 
The producer of the equipment, recog- 
nizing the unprecedented character of a 
completely auomatic batching installa- 
tion, provided the alternative of manual 
control. However, the automatic con- 
trol has functioned with little difficulty 
and is being used exclusively at a con- 
siderable saving of labor cost at the 
plant. 

The crew at the low-level plant, 
which turns out more than 2,000 cu.yd. 
per shift, consists of one man at the 
track hopper where the aggregate cars 
unload, one conveyor-system oiler, two 
men at the aggregate hoppers over the 
plant, one man at the batchers, two 
mixer operators for the four mixers 
and one mechanic~for the conveyor 
system. At the high-level plant the 
crew is the same, with the elimination 
of the conveyor mechanic and track 
hopper man, as the plant has a gravity 
feed from the aggregate trains. 

Careful time studies show that the 
time required for loading and discharge 
of the mixers averages 50 sec. With 
the present 24-min. mixing period, the 
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Fig. 3—Layout of cableway system usec 
for handling all forms and concrete for the 
dam, spillways, intake towers and power 
house. With the exception of the 150-ton 
unit, the cableways are to be used for the 
construction period only. 


complete cycle of operation for the 16 
yd. of concrete is about 3 min. 20 sec. 
Slump of the concrete as placed is re- 
quired to be about 3 in. As loss in 
slump from mixing plant to point of 
bucket discharge averages 0.6 in., the 
slump of the concrete when mixed is 
3.6 in. Details of the mix are covered 
in the preceding article. 

Train Haul—From the mixing plant 
to the cableways at the dam the con- 
crete buckets are moved for 4,000 ft. 
by single-car trains consisting of a 
standard-gage flat car pulled by an elec- 
tric locomotive equipped for both bat- 
tery and third-rail operation (Fig. 4). 
This locomotive arrangement has the 
advantage of eliminating the third rail 
around the plant and crossings and, at 
the same time, removing the peak loads 
on the direct-current generating sta- 
tion. The cars are built up with a 
steel superstructure that provides four 
compartments to dock buckets. These 
pockets are open on the canyon side 
(Fig. 4) to facilitate getting the buckets 
in and out with the cableways. On the 
move to and from the plant the cars 
always carry two buckets in alternate 
compartments spaced to match the di- 
rect discharge from the mixers. 

A double track (Fig. 3) extends 
from the plant to the dam at El. 720, 
the crest of the cofferdams. This route 
required the driving of two 1,000-ft. 
double-track tunnels and a bridge of 
two 135-ft. steel-truss spans to cross 
the upstream portals of the Nevada di- 
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version tunnels. In the dam site proper 
the tracks are carried along the canyon 
wall on one-leg steel trestle bents. Run- 
ning time for loaded trains is about 3 
min, to the dam, averaging 13 m.p.h. 
Seven trains are operated, and there is 
no delay at either terminal. 

Arriving at the mixing plant with 
two empty buckets in alternate com- 
partments, the train runs under the 
mixers and receives two 4-yd. batches 
to half fill each bucket. It then moves 
immediately under the other mixers 
and finishes loading. The first pair of 
mixers is reloaded at once, and by the 
time the next train moves into position 
the next batch is ready. 

Buckets—The design of the 8-yd. 
bottom-discharge buckets (Fig. 6) was 
the work of F. T. Crowe, general su- 
perintendent for the contractor. The 
bucket is of all-welded construction of 
{-in. steel plate, 6 ft. in diameter and 
8 ft. high. The bottom consists of two 
semi-circular doors, hinged at the sides. 
Cables for handling the loaded buckets 
hook to long lines attached directly to 
the doors. As an additional safety 
measure, there are two catches which 
lock the doors closed and would not 
permit them to open, even though the 
load were inadvertently shifted to the 
other cables. The other line is attached 
directly to the top of the bucket. Each 
of these hoisting cables runs through 
spreaders to sheaves supported by a 
four-part line. 

In operation, the two hoisting lines 
are coupled to the bucket and the load 
picked up by the cable attached to the 
doors. When lowered to the surface of 


the concrete at the point of pour, the 
safety latch either releases automat- 


Fig. 4—Arriving at the dam, the buckets 

are picked up and moved to the forms by 

one of several cableways. The screen is 
for the protection of men below. 


ically or is tripped by hand. The take- 
up is then made on the lines attached 
to the top of the bucket, which literally 
picks it up from around the concrete. 
After the bucket has been lifted well 
clear of the forms, the cableway opera- 
tor shifts the load back to the door 
lines again, which closes them and sets 
the safety latch. On return to the train 
the lines are removed and shifted to 
the next bucket. 


Cableways 


To solve the problem of handling 
concrete and materials in the canyon, 
meeting the necessary requirements of 
speed and flexibility, the contractor se- 
lected a system of five cableways span- 
ning the canyon. The general layout of 
this system and its coverage of the dam 
and power-house sites is shown in Fig. 
3. The two longest units, designated 
as Nos. 5 and 6, required a span of 
2,575 ft. to cover the two spillways. 
These two cableways are _ identical 
units with head and tail towers travel- 
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ing on parallel tracks 800 ft. long. The 
construction of the runway for the tail 
towers on the Arizona side involved 
a fill of 500,000 cu.yd., 150 ft. high, 
obtained from the spillway excavation 
and from the cut at one end of the run- 
way. The towers for these two units 
are 90 ft. high to provide clearance over 
the intake towers. (See Fig. 3, section 
through the canyon.) Location of the 
tail-tower runway on the high fill neces- 
sitated provision for occasional rebal- 
lasting of the track and allowance for 
slight irregularities in rail grade. The 
wheel truck frames are mounted with 
ball-and-socket connections under each 
tower for equalizing the loads. The 
cable pull is taken through the tower to 
horizontal wheels running against a 
timber member that is adjustable for 
slight irregularities caused by settle- 
ment and is anchored to concrete dead- 
men buried in the fill. 

Cableways Nos. 7 and 8 have spans 
of 1,405 ft. and operate on concentric 
radial tracks. Again, the required lo- 
cation of the two tracks presented prob- 
lems: the Arizona runway includes a 
cut about 100 ft. deep and the head- 
tower track on the Nevada side re- 
quired a deep cut and sections of steel 
trestle to bridge low points. Cableway 
No. 9 is a radial unit with a fixed head 
tower on the Nevada side, a span of 


Fig. 5—Details of forms fastenings: Cooling 
pipes are laid on the surface (left) ‘imme- 
diately before the lift is placed. She-bolts 
and hooked rods (center) embedded in the 
top of the lift provide for holding the 
cantilever forms for the next lift. Outlets 
for the grout system are nailed to the forms. 
Note the keyways produced by the forms. 


1,365 ft. and an 800-ft. length of tra 
on the other side of the canyon. T] 
cableway covers most of the pow: 
house area and extends to the 150-t 
permanent cableway of the governme: 
described in another article in th 
issue. 

All of these five units of the co: 
tractor’s cableway system are standa: 
ized in as many mechanical features 
possible. They all have a rated c¢ 
pacity of 25 tons with some allowan 
for occasional overload. Head towe 
and all operating equipment are locat 
at the Nevada side (Fig. 3). A 3-; 
locked-coil track cable is used, wit 
provision for periodic rotation 
equalize wear. The cables have 
breaking strength of 550 tons and ope: 
ate with a loaded deflection of 6 p 
cent. The endless rope is 1 in. 
diameter, and the hoisting lines a: 
g-in. in diameter. 

The main hoist for each cableway 
run by a 500-hp. motor equipped f: 
regenerative braking, magnetic rever 
ing control and counter-torque decelera 
tion while lowering. The hoistin: 
speeds are 300 ft. per minute for rais 
ing and 420 ft. for lowering. The track 
carriage has a maximum speed of 1,20) 
ft. per minute. For moving the towers 
along the runways, a 100-hp. motor i 
provided in each tower; they are moved 
by properly synchronized remote con 
trol at a speed of 50 ft. per minute 
through a three-part line. Air for op 
erating brakes and clutches is provided 
by motor-driven compressor units in 
each head-tower hoist house. The 
cableway operator, in every case, is lo- 
cated in the head tower and cannot see 
the load, which is being directed en 
tirely by bell and telephone signal. 

The cableway layout, design of the 
towers and the erection of the entir: 
system was carried out by Six Com 
panies, Inc. The cableway operating 
units including hoists and carriages 
were furnished by the Lidgerwood 
Manufacturing Co. 


Forms 
Aside from the radial and circum- 
ferential keyways (Fig. 2), the forn 
system used for the dam consists o! 





ft 
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metal-lined wooden panels of the usual 
cantilever type, providing for a 5-ft. 
lift, with the vertical timbers extending 
down another 5 ft. against the last pour. 
In addition to cantilever action, the 
forms are partly tied in at the top. 
Near the top of each pour she-bolts are 
left in the form with hooked bars (Fig. 
5) that are buried in the concrete. 
When the form is raised, these bolts, 
at 3-ft. spacing, are used as the main 
support for the cantilever action, with 
the timber tail pieces bolted to the next 
lower row. 

The corners of each of the columnar 
blocks of concrete in the dam extend 
vertically from the lowest point of the 
block to the top. This design feature 
permits forms to be designed and built 
for each separate block and used for 
successive lifts without recutting. The 
limit of re-use has not been determined, 
but some of the forms have been 
moved up for as many as 30 lifts with 
only minor repair to damage caused 
principally by the buckets. 

The forms are lifted by steel loops 
left in the top, using two or three tri- 
pods and chain jacks. When first plac- 
ing the forms in position, or if for any 
reason it becomes necessary to move a 
form laterally, it is done by a cableway 
using a spreader beam of timber. The 
top of each form section is capped with a 
12-in. plank that is used as a walkway. 


Concrete placing 


Under present concreting procedure 
the buckets are delivered by train on 
the trestle along the Nevada canyon 
wall at El. 720 and handled directly by 
cableways Nos. 5, 6, 7 or 8 Each 
cableway delivers buckets to the same 
block for the entire 5 ft. lift, which 
eliminates interference and excessive 
moving of the towers. It also tends 
to speed cableway operation because 
the range of vertical and horizontal 
motion is repeated. There are usually 
three or four blocks under pour, in ad- 
dition to some of the edge blocks han- 
dled separately by concrete from the 
high-level plant; clean-up operations, 
abutment preparation and form-raising 
are also going on at the same time. 

The usual placing crew for each 
block consists of ten men and a fore- 
man in the form (seven-man crew for 
small blocks), two signal men to direct 
the cableway operations and the two 
transfer men at the train. As soon as 
the full bucket is hooked on, the signal 
man stationed at the track directs it to 
he raised and started out over the dam 
(Fig. 4). After that the directions for 
the movements of the cableway are 
taken over by the other signal man sta- 
tioned on the form, who is intercon- 
nected on the same telephone circuit. 
He directs the spotting, landing and 
discharge of the bucket. If the block 
is One on the Arizona side of the can- 
yon, the trip is about 400 ft., and it is 
important to get the bucket out and 
hack with minimum delay. 








Fig. 6—Concrete buckets are brought to 
rest on the surface of the lift (left), which 
releases the safety catches, and the take-up 
is then made with the lines attached to the 
rim, which has an action of lifting the 
bucket off the concrete (right). Note the 
econsistency and the details of the forms. 


Directed by telephone orders from 
the signal man on the block, the oper- 
ator moves the carriage on the track 
cable out along the cable at full 1,200- 
ft.-per-minute speed; the 20-ton load of 
bucket and concrete slowly gathers mo- 
mentum on the end of the 500-ft. ver- 
tical line and starts swinging across the 
canyon. Based on judgment and prac- 
tice, the signal man directs the carriage 
to be stopped about the center of the 
canyon and the bucket continues on its 
slow long swing like a huge pendulum. 
Finally, when it is almost directly over 
the block under pour, the carriage is 
again ordered forward and arrives di- 
rectly over the bucket as it reaches the 
far point of the swing. So nicely is 
the timing done that in practically 
every case there is hardly any percep- 
tible swing of the bucket as it comes 
to a stop under the carriage and over 
the block. 

Then, with a little final maneuvering 
to put it in exact position for emptying, 
as directed by the foreman, it is lowered 
to rest on the concrete (Fig. 6). When 
each lift is started, the buckets are 
landed on the horizontal keys left on 
the preceding pour to eliminate crush- 
ing the cooling pipes. This is done 
until the concrete has reached a depth 
of about 18 in., when the bucket is 
allowed to be placed on any point on 
the block. When the bucket is lowered 
onto the concrete, the safety dogs auto- 
matically release or are tripped. The 
take-up is then made by lifting the 
bucket from the lines attached to the 
rim, and the doors open, discharging 
the 8-yd. batch as the bucket rises 
(Fig. 6). 

As the load is released, there is a 
natural surge of the cableway, but the 
operator continues to take up on the 
line, and the rebound does not bring 
the bucket to within a dangerous prox- 
imity to either crew or form. As soon 
as the bucket is clear, the load is trans- 
ferred back to the lines attached to the 
doors and they close, eliminating the 
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Fig. 
ment blocks that are not up to the full size, 
the buckets are too difficult to handle and 
concrete is placed with 4-yd. agitators. 


—In the confined space of the abut- 


possibility of droppings as it returns to 
the track. Direction of the returning 
empty bucket is again taken over by 
the signal man at the track who con- 
trols its landing. 

The signal men directing cableway 
operations are mostly boys proved by a 
trial to have quick faculties and a 
natural sense of rhythm so essential to 
the efficient handling of the cableways. 
They are trained for the work by using 
a duplicate set of head phones and hav- 
ing them sit beside the regular signal 
man for a shift and listen to the orders 
given to the hoist operator. 

As a result of the large 8-yd. mass 
and the 3-in. slump, the concrete moves 
into final position, following the raising 
of the bucket, without much handling. 
A little shoveling is done and the cob- 
bles are pushed down. Vibrators are 
not used except occasionally near cor- 
ners or around drain pipes and forms 
for galleries. 

Original specifications called for de- 
positing the concrete in 1-ft. layers 
over the block. Operations in the field 
proved that the surface of the concrete 
dried too rapidly between the deposit- 
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ing of these thin layers to make this 
placing possible. The plan now in use 
is to start at the downstream side of 
the form and deposit the entire 5-ft. 
thickness of the lift, letting the con- 
crete take its natural slope in an up- 
stream direction. Placing is then 
carried forward and finished against 
the upstream form. This procedure 
has the advantage of maintaining the 
concrete during pour on a slope up 
from the upstream face, also providing 
a wedging action against the upstream 
face of the form. 

Curing—Each lift is finished off with 
26x54-in. horizontal keys 10 ft. apart. 
As soon as the concrete has taken its 
initial set, the surface is washed with 
an air and water jet. Before the next 
lift is placed there is another hosing 
accompanied by brushing and any nec- 
essary picking. 

Curing water on the sides of the 
blocks is provided by sprinkling from 
perforated pipes attached to the bot- 
tom of the forms that move up for each 
sueceeding lift. The top surface of the 
block is kept wet by hose sprinkling, 
and in the high temperature and low 
humidity of the canyon this becomes a 
problem of no small proportions. At 
times during the summer there were as 
many as seventeen men sprinkling the 
top of the blocks during the day shift 
and twelve on night shift. The water 
supply for washing and curing is ob- 
tained by pumping from wells in both 
cofferdams (river water filtered through 
these earth dams) and delivered to the 
dam. The waste water from these 
operations goes into the shaft sunk be- 
low foundation level and from there is 
lifted by pumps into a diversion tunnel. 
The iron content of this water produces a 
mahogany brown stain on the surface 
of the concrete, which tends to blend 
it into the natural rock of the canyon. 

Cooling System—The unprecedented 
requirements of installing a system of 
cooling pipes in the concrete introduced 
problems that had to be solved by ex- 
perience. The syst.m of cooling pro- 
vides header pipes extending up and 
downstream in the 8-ft. central slot at 
about 10-ft. intervals vertically, connect- 
ing with loops of small pipes extending 
to the abutments on either side. These 
loops of small pipes are placed between 
each 5-ft. lift of concrete and at about 
5 ft. 9 in. spacing in the horizontal 
direction. The design principles behind 
this cooling-system provision were 
outlined in the preceding article, and 
the description of the refrigerating plant 
and the operation of the system are d- 
scribed in the following article. The 
method of installing the pipes in the 
concrete needs a brief explanation. 

The 1-in. O.D. tubing that was finally 
adopted as the pipe for the loops in 
the concrete (original plans called for 
2-in. standard pipe) were first installed 
by embedding them 1 ft. into the top of 
each lift after it had been placed. This 
method of installation resulted in con- 
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siderable trouble and damage to tubing 
and connections. As a result, the sys- 
tem was changed and the cooling-pipe 
loops are now installed on the surface 
of the lift just prior to the placing of 
the next concrete. These pipes are laid 
in position and fitted together to extend 
between the side forms on the leading 
blocks. Connections are made with a 
coupling. providing an expanding gasket 
that tightens around the end of .the 
tubing as the nut on the end of the 
coupling is tightened. As an indication 
of one of the many minor problems in- 
volved in this new departure in dam 
construction, there was considerable 
trouble and study involved in securing 
the right type of gasket for this cou- 


pling. An aluminum-foil gasket 
first tried, which proved satisfacto 
but as an economy measure a cha: 
was made to a fiber gasket, which 
first appeared to be satisfactory, 
later was found to swell upon becom 
wet, preventing insertion of the end- 
the pipe in the coupling. As a f 
step, a rubber gasket was fin: 
adopted. 

The ends of the tubing are placed 
5-in. tin pie plates that are nai!.| 
against the outside of the form. \\! 
the form is stripped, these plates 
left in place, and the ends of the tu 
are then available for connecting, as t 
succeeding blocks on either side 
raised. 


Huge Refrigeration Plant 
Reduces Heat of Hydration 


Artificial cooling of 


concrete 


an innovation § at 


Boulder Dam—Chemical heat dissipated by pumping cold 
water through 300 miles of 1-in. pipe — Two stages 
of cooling provide efficient and economical operation 


has been the scene of many an 

innovation in engineering and con- 
struction, but the scheme of artificially 
dissipating the chemical heat generated 
by the setting of 3,400,000 cu.yd. of 
concrete overshadows them all. To ex- 
tract the heat of the hydrating cement 
from this mass of concrete, thereby 
reducing the temperature stresses and 
bringing the temperature of the dam to 
the ultimate annual mean within a 
relatively short period, permitting effec- 
tive grouting, a large-size refrigerating 
plant has been completed and is deliver- 
ing cool water through a pipe system 
embedded in the concrete. The dam 
design problems resulting from heating 
and subsequent cooling have been dis- 
cussed in the preceding articles. 

The present system provides a two- 
stage cooling operation using (1) water 
cooled by natural evaporation (average 
wet-bulb temperature is about 65 deg. 
F.) until the economic temperature 
differential is reached; and (2) re- 
frigerated _water at about 40 deg. 
There is only one cooling-pipe system, 
totaling 300 miles of pipe, embedded in 
the concrete; cross-valves allow the two 
supplies to be cut in and out. When 
the cooling has reduced the concrete 
temperature to the desired point, cir- 
culation is stopped and the level is 
ready for grouting. Thus in the gen- 
eral construction procedure the upper- 
most 35 to 50 ft. of the dam, measured 
from the highest block, will be under 
construction with the cooling-pipe sys- 


‘Ts BOULDER DAM PROJECT 


tem incomplete and natural dissipation 
of heat taking place from the sides 0! 
the blocks. In the next 50-ft. sectic 
below, the pre-cooled water will be i: 
circulation, and in the next lower 3) 
ft. cooling is being further accelerate: 
with the refrigerated water. For thi 
50-ft. level below, grouting operations 
would probably be in progress. Thi- 
general scheme indicates roughly th 
probable sequence of cooling and grout- 
ing procedure. It is estimated that a 
twelve weeks’ total period of circulation 
will be required for the two cooling 
supplies to produce the desired tem- 
perature in the concrete. This tem- 
perature would normally be the esti- 
mated mean annual of about 70 deg. on 
the downstream face exposed to thc 
air, with the probable further refine- 
ment of cooling the upstream face t 
about 40 deg. corresponding to the 
reservoir water. 


Original specifications 


Specifications for the refrigerating 
plant and the cooling system cover« 
by the contract were necessarily gen- 
eral as a result of the limited time ava'!- 
able for preparation of the details an: 
the unprecedented character of this de- 
sign requirement. They called for a 
complete refrigerating plant capable of 
reducing the temperature of 2,100 gil. 
of water per minute from 47 to 4! 
deg. F. This plant was to be built in 
three units capable of individual «+ 
combined operation, and the capacity ©! 
the equipment was to provide for any 
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losses in plant or transmission to the 
actual cooling pipes. The requirement 
was to remove excess heat above 72 
deg., starting at a minimum period of 
six days after concrete had been placed. 
It was estimated that the average tem- 
perature rise resulting from hydration 
of the concrete would be about 40 deg. 
F, above placing temperature. The 
providing of the cooling-plant system, 
including the cost of equipment, build- 
ing and entire operation of the plant, 
wes bid as a lump sum. The bid of 
the Six Companies Inc. for this item 
was $360,000. 

The cooling-pipe system called for in 
the original specifications provided loops 
of 2-in. standard pipe or tubing spaced 
at 10-ft. vertical intervals and about 11 
ft. apart in a horizontal plane. It pro- 
vided that the pipe, furnished by the 
government, should be cut, threaded and 
installed by the contractor to withstand 
a pressure of 100 lb. per sq.in. Speci- 
fications further provided that the size 
of pipe, spacing and amount of concrete 
to be cooled might be changed subse- 
quent to the contract. This in general, 
covers the provisions for cooling as 
required by the original specifications. 
The following description outlines the 
plant and cooling system as now built 
and actually in operation. 


Revised system 


To provide a more flexible cooling 
system and at the same time a more 
economical one, the contractor has de- 
signed and built, with the approval of 
the government, a system which pro- 
vides for (1) a cool-water supply of 
70 deg. or less resulting from passing 
desilted river water over a_ cooling 
tower; and (2) water cooled by the 
ammonia refrigerating process to about 
40 deg. 

The plant is located on the Nevada 
side of the canyon on rock foundation 
above backwater elevation immediately 
upstream from the downstream coffer- 
dam, This site was used because cooling 
will continue after storage in the reser- 
voir and power-plant operation are 
started, which will require removal of 
the cofferdam. The cooling tower was 
built on the crest of the downstream 
cofferdam, about 200 ft. from the re- 
frigeration plant. This unit did not 
demand the same permanence because 
when the cofferdam is removed an 
ample supply of pre-cooling water will 
be available from the power penstocks, 
and the cooling tower will no longer 
be required. 

Plant—The capacity of the refrigerat- 
ing plant is rated at 825 tons of re- 
frigeration. This unit, commonly used 
in refrigeration practice, is equal to the 
amount of heat required to melt 1 ton 
of ice in 24 hours, or may be expressed 
as 220 B.t.u. per minute. The plant 
consists of three 275-ton compressors, 
which are remodeled air-compressor 
units used during the driving of the 
diversion tunnels. These units were 


Refrigeration equipment for cooling of 
3,400,000 yd. of concrete in Boulder Dam 
is located at bottom of the canyon just 
below the dam. Cooling tower for pre- 
cooling water for first stage of heat dissi- 
pation is shown at top center, located on 
the downstream cofferdam. After storage 
has commenced in the reservoir, this cool- 
ing tower will be dismantled. Refrigera- 
tion plant can be seen against canyon wall 
at extreme right. 


purchased especially for this dual serv- 
ice and were adapted to refrigeration 
service by the simple substitution of 
ammonia cylinders for the original air 
cylinders. The plant layout will permit 
the addition of a fourth unit if neces- 
sary. The electric motors driving these 
compressors are 250 hp. each for the 
refrigeration work, and the motor size 
was also selected with this purpose in 
view, as normally they would have been 
of 200-hp. size for ordinary air-com- 
pressor service. 

The rated 825-ton capacity of the 
present plant, when reduced by an 
estimated loss of 50 tons in plant and 
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pipe lines, leaves an actual plant ca- 
pacity of 775 tons as compared to the 
original requirement of 
620 tons. 

The atmospheric type of cooling 
tower erected on the crest of the coffer- 
dam is built of redwood and is 150x16 
ft. in plan and 43 ft. high. The Six 
Companies’ specification to the manu- 
facturer required it “to cool 6,000 g.p.m. 
from 874 deg. to 80 deg. with a 75-deg. 
wet-bulb reading and a 5-m.p.h. wind 
velocity.” The low humidity in the 
region, which runs about 12 to 15 per 
cent, coupled with the natural draft in 


specification 


the canyon, combine to make this 
method of cooling very effective. Dur- 
ing the month of September it was 


possible to cool water as low as 65 to 
70 deg. with this tower. Considering 


the volume of water and the relative 


The cooling tower and header pipe yard, 

located on the crest of the downstream 

cofferdam, as seen from the Nevada wall 
of the canyon. 





750 


temperatures produced by 
this cooling tower, the pre- 
cooled system provides up 
to about 900 tons of re- 
frigerating capacity in addi- 
tion to the 825 tons produced 
in the plant. 

Water supply for this en- 
tire cooling system was an 
important problem. After 
studying various possibili- 
ties it was decided to reduce 
pump maintenance and pro- 
vide more continuous opera- 
tion by recirculating the 
pre-cooled water rather than 
to waste it as it came from 
the dam. The wasting of 
such a flow on its return 
from the dam would have 
required the use of river 
water to make up the flow. 
On the other hand, in the 
present recirculating system 
it is possible to secure the 
small amount of make-up 
water from the sump _be- 
tween the cofferdams, pro- 
viding a silt-free supply. The basin of 
the cooling tower was built especially 
large to provide a desilting action. 
During maximum operations of the en- 
tire cooling system there will be cir- 
culated over the tower 3,000 g.p.m. of 
the pre-cooled water and 3,000 g.p.m. 
of condenser water from the refrigerat- 
ing plant. 
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Pumping plant 


In the closed, refrigerated water sys- 
tem the pumping plant consists of three 
750-g.p.m. electrically operated centrif- 
ugal units and an additional stand-by 
unit to handle the 2,100-g.p.m. flow. 
The friction loss for the 50-ft. lift of 
cooling system is estimated at 130 ft. 
Since this system provides a_ closed 
circuit on the pumps, there will be no 
additional pumping head, except fric- 
tion, as the system is raised for each 
successive 50-ft. lift of cooling. 

The open pre-cooled system requires 
a more extensive pumping layout 
because of the increasing 
head as the cooling proc- 
ess is raised in the dam. For 
the initial operations, below 
El. 750, the pumping will be 
done with three 750-g.p.m. 
centrifugal pumping units 
(one stand-by is provided). 
Between El. 750 and El. 950 
another duplicate system of 
pumps will be introduced to 
handle the additional head. 
When the dam has reached 
El. 950, storage is scheduled 
to start in the reservoir and 
the lower cofferdam and the 
cooling tower will be re- 
moved. With the dam above 
this height the reservoir 
water will be used for the 
water supply. With the head 
produced by the reservoir, 
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the pumping installation is estimated 
to be able to handle the head to the crest 
of the dam. If water storage is not be- 
gun in time to provide sufficient head for 
the plant, another duplicate set of booster 
pumps will be added to this system. The 
water taken from the reservoir will be 
comparatively free from silt, and as a 
result of the unlimited supply the re- 
turn from this system will be wasted 
into the river. In addition, the water 
required for the condensers of the re- 
frigerating plant will also be taken from 
the penstocks and will be wasted into 
the river. 

The water supplies from the pre- 
cooled and refrigeration systems will be 
pumped in two main 14-in. headers and 
two similar return mains from the plant 
about 1,000 ft. to the downstream toe 
of the dam. A central slot 8 ft. wide 
is left through the dam during con- 
struction to provide for the cooling- 
system header pipes. The four main 
pipes extend upward on the downstream 


FINANCIAL STATEMENT OF BOULDER DAM PROJECT, 


OCT, 31, 1933 


Appropriations 

Act of July 3, 1930 

Act of Feb. 14, 19: 

Act of April 22, 1932 

Act of July 1, 1932.. 

-— * July 22, 1932 (Emergency Construction Act, 

932) 
Act of Feb. 17, 193: 
Act of June 16, 193% 


Collections 


Total available 
disbursements 


Treasury cash balance 


Investments (including outstanding obligations) 
Flood control, storage, etc., diversion works, d 
outlet works, etc. 
Power production 
Railroad, highways, buildings, engineering, research, 


3oulder City and other physical property 
interest 
Investigations, 


during construction . 
Colorado River Basin 


Total capital investment 


NS _-EL697 Ave.top of concrete Dec 12,1933 


| 
\\, £720 Tap upstream cofferdam 
¥ £7,690 Top downstream cofferdam 


$10,660,000 
1 


$94,660,000 


$94,790,068 
9 . 
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face of the dam at the s| 
and are carried up as t! 
dam is raised. From the 
main headers and retur 
6-in. horizontal headers a 
extended into the slot to t! 
upstream face hung on | 
hangers attached to the co: 
crete. The 14-in. and 6-i: 
headers of the refrigerati: 
system are insulated with 
2-in. cork covering to r 
duce refrigeration loss. 

In the lower levels of t! 
dam the vertical spacing oi 
the 6-in. headers is vari: 
because of the smaller vo! 
ume of concrete per foot 0) 
elevation in the lower part 
of the canyon. The lowes: 
header serves a_ concret 
depth of about 25 ft., and 
the next about 20 ft. Abov 
this level the dam widen 
to the main canyon walls 
the volume per foot lift i 
greater and the headers wil! 
be spaced at 10-ft. vertical 
intervals, to serve two layers of cooling 
pipes. It is possible that at the highe: 
levels the spacing may be increased t 
15 ft. as the volume of concrete de- 
creases. 

The 6-in. horizontal headers connect 
directly with the cooling-pipe loops in 
the concrete. These individual loops of 
1-in. O.D. pipe run all the way from 
the central slot to the abutments and 
return, The connection between the 
header and the end of the cooling pipe 
is made through rubber hose capabk 
of handling a 100-Ib. per sq.in. pressure. 
The hose type of connection was used 
rather than pipe to make installation 
easier, reduce effect of vibration and 
make repairs easier in case of material 
falling down the slot and breaking con- 
nections. These hose connections fasten 
directly to the loops or tubing embedded 
in the concrete. 

Pre-cooled water from the cooling 
tower was circulated through the lower 
lifts of concrete beginning Aug. 10), 
1933. On Oct. 11 the re- 
frigerating plant started op- 
eration, and that night it 
pumped 44-deg. water at the 
rate of about 1,000 gal. per 
minute into the two lowest 
headers, representing about 
a 50-ft. depth of concrete 
from the lowest foundation. 
This water returned to the 
refrigerating system at a tem 
perature of about 74 deg 
This represented the initial 
operation of the refrigerating 
plant, and only two of th 
three machines were in opera 
tion. For this initial out 
put the plant was producing 
about 400 tons of refrigera 
tion. As the plant operation 
continued the plant has de- 
livered as high as 1,000 tons 
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Penstock Fabrication 


by Welding and X-Raying 


Steel slabs 2? in. thick are bent and welded into 30-ft.-diameter 
pipe at rim of Black Canyon—76 miles of welds on 45,000 tons 
of pipe inspected by X-ray—Stresses relieved in oil-fired oven 


incongruous atmosphere for the 

modern steel-fabricating plant that 
is producing the record-breaking pen- 
stock pipes for the Boulder Dam project. 
Located on the project principally as 
the result of transportation problems, 
the plant of The Babcock & Wilcox Co., 
which holds the $11,000,000 contract for 
fabricating and installing the penstocks, 
is well started on welding the 45,000 
tons of steel into pipe sections varying 
from an 84-ft. diameter and 3-in. thick- 
ness to the maximum of 30-ft. diameter 


[icone surroundings provide an 


The shop building (Fig. 1) is a steel 
frame and galvanized-steel-covered 
structure 520 ft. long, 85 ft. wide and 
55 ft. high to chord of roof truss. The 
steel columns are spaced at 25-ft. inter- 
vals along the side, and their design in- 
volved heavy sections because of the 
great loads, in which a lift will be han- 
dled by two 75-ton cranes. 

As a lean-to building on one side of 
the main shop, an area 150 ft. long by 
20 ft. wide is provided to house the 
office of the shop, testing laboratory, 
machine shop, compressor plant and 





751 


married employees. A 100-room dormi 
tory completely equipped with air-con- 
ditioning in every room is also provided 
for this organization. 

Plant operation and output is de- 
pendent upon the work of installation in 
the penstock tunnels because of the 
limited storage space available within 
reach of the heavy cranes capable of 
handling the large-size pipe. It is im- 
possible to handle this pipe, with spe- 
cial sections weighing up to 150 tons, 
except with the shop cranes, which will 
run on extension rails 600 ft. beyond the 
end of the building. The smaller pipe 
sections can be stored and rehandled 
with standard locomotive-crane equip- 
ment, and the plant began operations on 
this size of penstock. This procedure 
had the advantage of allowing the plant 
operations to begin on the smaller-size 
material, which can be more easily 
stored until needed. 

Since the work of installation must 
progress from the upper end of the pen- 
stocks, using the 30-ft.-diameter  sec- 
tions, fabrication of these pipes has 
awaited the lining of the 37-ft.-diameter 





with 23-in. thickness. The key to the 
plant production is the coordination of 
the output with the installation of the 
penstock tunnels, as a result of the ex- 
treme difficulty of handling and storing 
the large 30-ft. sections after fabrica- 
tion. Many of the details of the steel- 
handling and welding technique are of 
unusual interest to civil engineering 
readers; in addition the steps in the 
process of building these important units 
of the Boulder ,Dam project form an 
integral part of the complete story. 
The plant site was selected as the 
first location on the government rail- 
road back from the canyon where a level 
space was sufficient for the plant and for 
the extensive storage yards necessary 
in storing the completed sections. This 
station, locally called Bechtel, is about 
14 miles back from the canyon rim and 
is below the last of the five tunnels on 
this railroad line. This position in rela- 
tion to the tunnels was important in the 
matter of rail transportation to the site, 
but subsequent plans have provided for 
handling the completed sections, by spe- 
cial truck and trailer units, from the 
plant to the government cableway that 
will place them on the platforms at the 
portals of the construction adits. 


Fig. 1—Steel plate enters one end of this 
completely equipped fabricating plant in 
sheets and emerges at the other end as 
welded pipe sections, some of 30 ft. in 
diameter, thoroughly inspected and tested. 
Plant, located near rim of canyon, provides 
for straight-line operation. Pipe contrac- 
tor’s office building is at left. 


washroom. The main shop and lean-to 
involved about 750 tons of structural 
steel, 67,500 sq.ft. of galvanized-steel 
covering, 23,000 sq.ft. of glazed steel 
sash and 30,000 yd. of excavation. It is 
impossible to outline a formal layout 
of the equipment because many units 
are portable and are moved to take care 
of changes in the fabricating system re- 
sulting from working on different pipe 
sizes. The general description of the 
fabricating process, outlined in the fol- 
lowing, indicates the relative position of 
the major units. Fig. 2 is a general 
view through the shop, looking toward 
the head end, with work under way on 
85-ft. pipe. 

Adjacent to the shop is the office 
building, a single-story timber-frame 
building (Fig. 1). In addition to these 
buildings at the plant site, the contrac- 
tor also constructed twelve four- to six- 
room houses and seven four-apartment 
buildings in Boulder City for the use of 


penstock tunnels. This lining is now in 
progress on both sides, and it is esti- 
mated that in the spring of 1934 both 
37-ft. penstock tunnels will be ready for 
the installation of the welded pipes. In 
the meantime the plant has fabricated 
practically all of the smaller-diameter 
13- and 83-ft. pipes for both the Nevada 
and Arizona sides of the installation. 
Work on the large-size sections for the 
first installation on the Nevada side is 
now in production. 


Fabrication 

Preliminary Steps—Steel is shipped 
in flat plates from Eastern plants; the 
largest plates are 32 ft. long by 12 ft. 
wide and 23 in. thick. These largest 
plates weigh about 23 tons apiece, and 
two of them constitute a freight carload. 
Three of them are fabricated into a 
12-ft. length of 30-ft. pipe, and two such 
rings are welded together to form a 
single pipe section. The plate is un- 
loaded by locomotive crane and stored 
in the yard at the west end of the plant. 

Moved into the plant, the plates are 
handled throughout the fabrication 


process by two of three 75-ton electric 
cranes. Each plate is first laid out and 
marked to the required pattern, and the 


Fig. 2 (above)—Interior of shop during 

fabrication of 81/,-ft. pipe sections, first to 

be built. View is toward receiving end of 
plant, with welding machines at left. 


edges are then planed. The special 
planer (Fig. 3) for this work is equipped 
with a double set of cutters on the car- 
riage for operating in both directions 
without loss of motion on the return. 
The plates are clamped into the planer 


frame by pneumatically operated 
plungers. This operation not only pro- 
duces the planed edge but also provides 
the special outline of the edge weld. 
From the planer the plates move to 
the vertical plate-bending roll, where 
they are shaped to cylindrical form. 
This roll is the most powerful ever de- 
signed for the purpose and can impose a 
load of 3,500,000 Ib. on the plate. It 
will handle all the thicknesses and sizes 
of plate up to the 30-ft.-diameter sec- 
tion. The design and oneration of this 
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Fig. 3 (belowy—Special planing machine 
trims edges of plates and cuts welding 
groove at the same time. Pneumatically op- 
erated plungers hold the sheets in place. 


machine were described in Engineering 
News-Record, March 9, 1933, p. 307. 
To form the special conical sections 
of pipe and to bulldoze the edges of the 
thick plates before starting them into 
the roll, two 1,500-ton presses are pro- 
vided which work as a unit (Fig. 6). 
These presses are connected by cast- 
steel girders, weighing about 55 tons 
each, and they operate as a unit. The 
press equipment weighs about 300 tons, 
and the action is provided by a 30-hp. 
motor driving a rotary-pressure pump 
to provide: oil pressure at 2,000 Ib. 
Welding—Following rolling, — the 
plates are welded together, the number 
of welds and operations depending on 
the size of pipe to be fabricated. Pre- 
liminary steps consist of bringing the 


rolled sections to final shape and dime 
sions and spot-welding them, prepar: 
tory to placing them in the automat 
machines. The welding space cut out | 
the planer provides the conventior 
V-shaped groove on the outside of 1! 
plate. The welding is done by automat 
machines mounted on gantry units th 
operate either on the top or_inside t! 
pipe sections (Fig. 5). The pipe s« 
tions are mounted on rollers for turni: 
to bring the one or more longitudin 
seams under the arc or for welding tl 
girth seams on the smaller diamet: 
pipe. 

The automatic-feed mechanism pri 
vides for a continuous operation on each 
passage of the arc. The flux-coat 
electrodes are provided in 12-ft. lengt! 
for the machine; and as the ends a: 
equipped with a threaded joint, tl 
process is not interrupted by a stop 
change rods. After each passage of tl 
arc, the bottom of the weld is chippe: 
clear of slag down to homogeneou 
metal before the next layer of metal i 
applied. Welding is done in accordance 
with the A.S.M.E. code for unfired pre 
sure vessels, class I. 

The 84-ft. diameter pipes have 
comparatively simple fabricating pro- 
cedure, with only one longitudinal weld 
and are joined into 20- or 30-ft. section: 
with one or two girth seams. The 20-it. 
sections of 13-ft.-diameter pipe are r 
quired by specifications to have a 
stiffener at the center of each length. 
which will be used in supporting the 
pipes on the seats in the tunnel, leaving 
the joints clear for field connecting op- 
erations, This stiffener requirement per- 
mitted several possibilities of design, and 
the final arrangement provides a 1-ft. 
section of stiffener ring at the center, 
welded to two lengths of pipe. This 
stiffener ring is rolled separately from a 
special steel shape resembling the flang: 
of a T-beam, with all but the start of th: 
stem. removed. In welding up one of 
these sections there are two girth seams 
required to connect the sections of pipe 
to the stiffener ring and, finally, the 
ring is completed by welding on what 
corresponds to the stem part of the T- 
beam. In assembling the pipe sections 
and the stiffening ring an elaborate sys- 
tem of spiders is uged to bring the 
three into alignment before they are 
spot welded. 

X-Ray—Following the completion of 
each welded joint, either a longitudinal 
weld or the subsequent girth seams. 
every inch is photographed by X-ray for 
inspection. This work will require the 
photographing and checking of more 
than 400,000 lin.-ft. of weld on this con 
tract. The two 300,000-volt capacity 
X-ray machines are portable and are 
moved about to the welded pipe sections 
as required (Fig. 7). Beginning at a 
marked point on each longitudinal weld 
the machine photographs a 30-in. sectior 
of weld and is then moved to the next 
position or, in the case of a girth weld. 
the pipe is rotated the equivalent dis- 
tance. 
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Fig. 4—Fabrication of the huge pipes re- 
quires this vertical bending roll, the largest 
ever built. The view shows rolling of 
stiffener rings for 13-ft. sections, which will 
be welded between two lengths of pipe. 
A ringed stem unit is later added to the 
stiffener ring to form a circular T-beam. 


As soon as the X-ray of the particular 
weld is completed, the films are de- 
veloped in the adjacent laboratory and 
inspected. This is done as promptly as 
possible, to insure approval of the weld 
before further work has been done on 
the section. In case the X-ray photo- 
graph reveals any flaw in the weld, it is 
chipped out and rewelded by hand. 


Fig. 5—Automatic welding machine set up 
for longitudinal seam on a 30-ft.-diameter 
pipe section. The girth seams are made 
in the field with pins. Welding rods come 
in 12-ft. lengths with threaded ends for 
coupling into continuous rods, eliminating 
delay in changing rods. Two legs of spider 
used. to shape pipe to perfect roundness 
before welding can be seen within the pipe 
section in the picture. 


B. D. Glaha Photo 





Stress-Relieving—After X-ray in- 
spection of the welds and the approval 
of each section, the pipes are given a 
stress-relieving treatment by heating 
them to a temperature of about 1,200 
deg. F. The specially built furnace is 
the largest of its kind, measuring 36x41 
ft. in plan on the inside with a height 
of 28 ft. 3 in. The furnace is located 
at the end of the fabricating plant, and 
the door forms the front wall, moving 
out on rails to open. This wall-door 
combination also is integral with the 
car that carries the pipes as they are 
placed by the cranes. The furnace is 
operated as required by the output of 
the fabricating process. Its capacity will 
include sixteen sections of the 84-ft. 
pipe, four of the 13-ft. pipe, and a single 
section of the 30-ft.-diameter pipe. 

Heat is furnished by oil burners, and 
the hot gases are circulated through the 
furnace by a blower and valve system 
that reverses the flow on a timed cycle. 
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QUANTITY AND SIZE OF 
PENSTOCK PIPE 
Length, Ft. Diameter, Ft. Thickness, In. 


700 sf 3 
4,74 0) 1 -3 
1,900 29 1; 2 4 
5,600 13 l 
99 . 
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An automatic control can be set to re- 
verse the gas flow at intervals of 1 to 10 
min., but the usual run is made on about 
a 5-min. reversing period. The prin 
ciple of reversed flow, first feeding the 
hot gas from one side of the furnace 
and then from the other, provides for 
equalizing the temperature of pipe being 
treated. The furnace is lined with in- 
sulating firebrick, including the neces- 
sary gas ducts, to provide minimum heat 
loss and minimum heat-storage capacity. 
The latter is important, as may be 
judged by the fact that at least one addi- 
tional furnace would be required if ordi- 
nary firebrick were used. Fuel consump- 
tion is estimated at about 700 gal. of oil 
or less for the six-hour heating period, 
bringing the furnace up to the 1,200- 
deg. required heat, and about 35 gal. per 
hour for the subsequent soaking period. 
Automatic temperature control, with 
recording instruments within the fur- 
nace, maintains the temperature within 
20 deg. of the desired point. 

After the furnace, containing the pipe 
sections, has been brought to the 1,200- 
deg. point, this temperature is main- 
tained for a period of time depending 
upon the thickness of pipe being treated. 
The furnace is then allowed to cool to 
a temperature of about 600 deg. during 
a three-hour period, after which the 
pipes are removed. 

The final step is the accurate milling 
of the ends of the pipes to provide the 
final field fit. On the 84- and 13-ft.- 
diameter sections this is done in the 


Fig. 6—Heavy plates for the larger pipes 
are given initial bend by these two 1,500- 
ton hydraulic presses acting as a unit. 


B. D. Glaha Photo 





storage yard with a motor-driven tool 
held by a spider in the end of the pipe 
section. The larger-size pipe will be 
milled with a large special lathe per- 
manently mounted in the end of the 
shop. 

Testing—One weld specimen is taken 
from each fabricated length of pipe and 
is tested in accordance with the A.S. 
M. E. boiler construction code, unfired 
pressure vessel section. This testing is 
done in a completely equipped labora- 
tory, including a 300,000-lb. testing ma- 
chine, adjacent to the shop, under the 
supervision of the government inspec- 
tors. Briefly, the tests include a tension 
test of the joint and a tension test of 
the weld metal itself, which are both 
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Fig. 7—Every inch of the 400,000 lin.-ft. 
of welds required in fabricating 45,000 
tons of pipe is photographed by these 
X-ray machines for inspection. Welded 
seams are X-rayed in 30-in. lengths. Films 
are developed immediately after exposure 
to permit defective welds to be replaced be- 
fore pipes leave welding frame. 


required to equal that of the original 
plate. There is also a bending test, cold, 
which must show an elongation of the 
weld metal of at least 30 per cent with- 
out developing cracks. The specific 
gravity of the weld metal must equal 
7.80 as a minimum. 

The pipe sections are finally shot- 
blasted inside and given a primer coat 
of water-gas tar and a final coat of coal- 
gas tar applied hot. 


Spillways in Canyon Walls 
to Handle Floodwaters 


Two side-channel outlets provide 400,000-sec.-ft. 
discharge capacity—Drainage system is important 
design feature—Automatic steel drum gates will 
hold reservoir level 24 ft. above fixed spillway crest 


By D. C. McConaughy 


Senior Engineer, U. S. Bureau of Reclamation, 
Denver, Colo. 


of 400,000-sec.ft., the two side- 

channel spillways for Boulder 
Dam will provide a capacity 50 per 
cent in excess of the great flood of 
1884, which constitutes the »eak runoff 
of which any tangible evidence remains. 
Further, this spillway capacity does not 
include the effect of 9,500,000 acre-ft. of 
reservoir capacity reserved for flood 
control or the 120,000-sec.-ft. discharge 
capacity of the power house and outlet 
valves. Each spillway has a 400-ft. 
length of weir crest and an over-all 
length of about 700 ft. from upstream 
end to the portal of the inclined dis- 
charge shaft. The two contain about 


[cr a00.00 to handle a discharge 


150,000 cu.yd. of concrete and required 
excavation of 700,000 cu.yd of rock 
Discharge of each is through an inclined 
tunnel, varying from 50 to 70 ft. in di- 
ameter, to the present diversion tunnels, 
which will act as permanent spillway 
outlets. Four 100x16-ft. steel drum 
gates on each spillway will provide auto- 
matic regulation to hold the reservoir 
level 24 ft. above the fixed crest of the 
weirs. Principal features of design, 
operation and construction are outlined 
in the following. 


Design 


The need for accurate and conserva- 
tive spillway design can be appreciated 
from the fact that the reservoir will 
store 30,500,000 acre-ft. of water and 
raise the surface level about 600 ft. 


As mentioned at the outset, the stor- 
age for these fabricated sections re- 
quires a large area, and handling is diffi 
cult. The first pipes to be installed are 
the largest-size, 30-ft.-diameter sections 
for the main penstock, but these sections 
can be handled only by the shop crane 
This made it impossible to fabricate 
them and store them in large quantitic 
prior to erection. 

Furthermore, there was the decidedly 
practical advantage of starting shop 
operations on the smaller sections, an: 
this was done by completing all of the 
84-ft. and 13-ft. sections leaving the 
plant free to fabricate and handle the 
large sections as soon as the tunnel is 
available. 


above the original river channel. In 
this reservoir 9,500,000 acre-ft. of ca- 
pacity will be reserved for flood control, 
and the combined outlet capacity of th 
power-house openings and the outlet 
valves will equal 120,000 sec.-ft. Re 
quirements for spillway capacity wer 
based primarily on a study of the 1884 
flood. It is estimated that this maximum 
peak was from 250,000 to 300,000 sec.-it 
compared to an average annual peak oi 
about 100,000 sec.-ft. Studies of floo:d 
probabilities indicate that intervals ot 
200 years will occur between floods ot 
the 1884 peak flow, and that the inter 
val between floods of comparable volume 
may exceed 1,000 years. The final 
designed spillway capacity of 400,00) 
sec.-ft. is in addition to the capacity 0! 
the power-house outlets and the ponding 
effect of the flood-control capacity in the 
reservoir. With these provisions it is 
estimated that a flood similar to that of 
1884 would be reduced to a maximum 
discharge of 75,000 sec.-ft. 

A detailed account of the hydrauli: 
model testing program that formed the 
basis of the spillway design was pre- 
sented in Engineering News-Recor! 
Aug. 10, 1933, p. 155. Characteristic; 
of the site indicated the feasibility of the 
side-channel type of spillway, and the 
final result of the design studies suppl: 
mented by the model tests provided tw) 
identical spillways, each with a 400-i 
clear crest length (Fig. 2). The chain! 
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has a uniform bottom width of 40 ft. At 
the upper end the depth is 75 ft., and the 
floor slopes on a 12 per cent grade to a 
depth of 128 ft. at a point opposite the 
lower end of the crest, depth being meas- 
ured from the top of the channel lining. 

The face of the weir that forms part of 
one side of the channel is a parabola tan- 
gent to a 4:1 slope; the lining forming 
the other side is laid on a similar slope. 
These slopes provide a width of 125 ft. 
(elevation of weir crest) at the upper 
end and 165 ft. at the lower end. From 
the downstream end of the last 100-ft. 
gate section a 55-ft. length of channel 
was added to improve hydraulic condi- 
tions and reduce the disturbance at the 
entrance to the transition leading to the 
inclined tunnel. At the lower end of 
this section of channel a step about 36 
ft. high was introduced to provide in- 
creased depth, reducing the disturbance 
caused by cross-flow. A pipe provides 
for draining this sump, following flood 
discharge, into the main drainage man- 
way. The crest of this step is the begin- 
ning of the parabolic curve forming the 
bottom of the transition leading to the 
50-ft. inclined tunnel. 

On the weir side the topography at 
each site necessitated the construction 
of a gravity dam of overflow profile that 
had a maximum height of 75 ft. on the 
Nevada side and 85 ft. on the Arizona 
side. Design and construction of these 
overflow weir sections were practically 
the same as for a dam of similar pro- 
portions. At quarter points on the crest 
of this overflow section are three piers 
dividing the crest into 100-ft. sections 
corresponding to the length of the steel 
drum gates. These piers are 11x27 ft. 
in section and are 36 ft. high. 

Lining and Drainage—The sides and 
bottom of the spillway channel and 
transition are lined with a 24-in. thick- 


Fig. 1—General view of Nevada spillway 
(left) and weir crest and gate recess (right). 
Pier construction between the four 100-ft. 
gates has not been started. Lining opera- 
tions with 4-yd. agitators handled by 
cableway are in progress (left). Total 
length is about 700 ft., and the lining on 
the back side, opposite the downstream 
gate, is 128 ft. from top to bottom. 


ness of concrete (18-in. minimum). The 
lining of the inclined shaft is 36 in. 
thick. Nominal reinforcement was used 
in the lining with the exception of the 
50-ft. circular shaft, in which no rein- 
forcement was used, and in the arched 
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roof of the covered transition, which was 
very heavily reinforced. The channel 
lining was built in panels 14x15 ft. in 
plan dimensions, and each panel is 
secured to the rock by hooked 1{-in. 
square bars grouted into holes drilled 
into the rock a minimum distance of 5 
ft. These dowels anchor the slab and 
assisted in holding the reinforcing steel 
before concreting. 

Because of the importance of these 
spillways, the volume of water to be han- 
dled and the high head on the lining 
an elaborate system of drains is pro- 
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Fig. 2—Plan and typical sections of the 
Nevada spillway. General features of the 
Arizona unit are similar, except that the 
topography along the back wall required a 
slab-and-buttress construction in place of 
the lining directly against the rock. 
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vided. Running vertically under the 
construction joints in the lining are 
lines of porous concrete drain tile 6 in. 
square with a 3-in. hole in the center. 
This concrete tile is made of six parts 
of aggregate to one part of cement, 
tamped very dry into the forms. The 
result is a porous mixture that has the 
necessary strength and offers maximum 
space for drainage. The lines of tile 
extend down behind the joints to the 
bottom and across the floor to a 2}x5-ft. 
manway extending under the center of 
the channel floor. In addition to these 
drains, the whole channel bottom was 
underlaid with a minimum thickness 
of 12 in. of this same porous concrete. 

The manway extends to the lower 
end of the channel, turns at right angles 
into a tunnel in the canyon wall, picks 
up the drainage outlets from under the 
weir structure and extends in a 4x5-ft. 
tunnel (concrete-lined), which turns at 
right angles to parallel the flow in the 
spillway and finally turns again at 
right angles to discharge into the top 
of the inclined tunnel 350 ft. below the 
end of the spillway (Fig. 2). This 
drainage tunnel discharges into the top 
of the inclined shaft (at capacity flow 
the shaft does not run full) to avoid 
disturbance of the hydraulic character- 
istics, 

Gates—Each of the eight spillway 
gates (four for each spillway) is a bouy- 
ant structural-steel vessel 100 ft. long 
with flat bottom and two curved faces 
(Fig. 3). The resulting section re- 
sembles the conventional projection of a 
spherical triangle with each side-about 
17 ft. long. The gates are built up of 
structural-steel members, the outer sur- 
face of 4- and }-in. plate being supported 
directly on built-up plate girders at 28- 
in. centers. 


Fig. 3—Principal features of the drum gates 
and the operating arrangement. 
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In the lowered position the top side 
of the gates will provide a curved sur- 
face to complete the outline of the weir 
crest. Hinged at top and upstream side 
to the concrete weirs, these gates will 
float in recesses in the weir section 
(Fig. 1) and will operate to provide 
a maximum depth of 27 ft. over the fixed 
crest. The gates will be provided with 
spring seals at both ends and at the 
downstream lip to prevent leakage into 
or from the recess chambers. Possible 
leagage into the gates will be drained 
by flexible hose connections. 

Automatic control (manual operation 
optional) provides for the raising and 
lowering of the gates in accordance with 
floodflow. When the water surface of 
the reservoir reaches a predetermined 
level, it enters the recess chambers and 
causes the gate to float up in advance of 
the rising water surface. When the gate 
has reached its maximum position 
pressure of the water against the bottom 
holds it im position until an additional 
rise in the reservoir, operating through 
the control mechanism, opens a valve 
and releases water from the recess cham- 
ber, allowing the gate to lower. This 
additional rise may be selected at will; 
in actual operation it is intended that 
the reservoir water surface will be 
about 7.5 ft. above the crest of the 
gate, corresponding to a discharge of 
about 63,000 sec.-ft. for both spillways. 

The reservoir water surface will be 
maintained at this elevation until the 
gates are completely lowered. After this 
has occurred a rise of about 3 ft. 
in the water surface is required to dis- 
charge the designed capacity of 400,- 
000 sec.-ft. At maximum discharge the 
head on the weir crest is about 27 ft. As 
the flood peak decreases, the gates auto- 
matically rise to their maximum 
position and then, as the water-surface 
level recedes still further, they fall 
again so that when the flood has passed 
the gates are again completely lowered. 
Only on rare occasions will these gates 
be raised above the curve of the weir 
crest. The drum gates thus provide a 
plain overflow weir spillway for floods 
not exceeding in rate of flow the great 
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supply header- 


Fig. 4—Topography of the Arizona site re- 

quired the back wall to be built as a slab- 

‘and-buttress dam. The view is the work 
at the curve at the upstream end. 


flood of 1884, and at the same time pro- 
vide a huge reserve capacity. 

Excavation—Removal of 600,000 cu.- 
yd. of solid rock by open-cut operations 
was required to provide for the two 
spillways. Drilling was done almost en- 
tirely by jack-hammers sinking down- 
holes. The blasted rock was loaded by 
electric shovels into trucks for disposal. 
The removal of this yardage of rock 
outside the canyon area, as required by 
specifications, was the principal prob- 
lem involved. Construction roads over 
steep grades with many sharp turns 
were necessary to make available side 
canyons at high elevations for the stor- 
.age of this excavated material. On the 
Arizona side a large volume of this ex- 
cavated rock was used as a fill to provide 
for the runway of a traveling cableway 
tower. 

Concrete placing over such a large 
area provided a problem. Concrete from 
the high-level mixing plant was deliv- 
ered in 4-yd. agitators on trucks and 
either moved directly by cableway to 
the pour behind the forms (Fig. 1) or 
transferred to 2-yd. buckets for more 
convenient handling. Forms consisted 
of timber panels, which were held in 
position by a separate system of rods 
doweled into. the rock. The concrete 
paving on the floor of the spillway in- 
volved no unusual construction problem 

The Nevada spillway structure fitted 
well into the topography of the canyon, 
the back wall requiring only the concret: 
lining against solid rock. On the Ari- 
zona side the topography of the location 
did not conform so well with the re- 
quired design of the spillway channel 
This necessitated a slightly different de- 
sign for the back side, which was car- 
ried up as a _ reinforced-concrete sla) 
supported by buttresses (Fig. 4). With 
water in the spillway channel, this wal! 
construction will act as a slab and but 
tress type of dam. 
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Progress on Small Tunnels 
and Intake Towers 


Penstock tunnels driven and lining started—Bulkhead and 
stoney gates installed at diversion tunnel portals—Derricks 
and additional cableway will handle concrete for intake towers 


ONCENTRATION on concrete 
production during the past six 


months has not delayed the prose- 
cution of other features of the Boulder 
Dam project to keep them in step with 
the general accelerated program. In 
addition to the construction of the spill- 
ways (p. 590)—and the establishment 
of the penstock-fabricating plant and the 
start of this work (p. 751), the oper- 
ations of the past months include the 
completion of the extensive program of 
tunnel-driving on the smaller penstock 
units, the start of lining these tunnels, 
including the Nevada inclined shaft 
from spillway to diversion tunnel, the 
installation of diversion tunnel gates 
and preparations for the building of the 
four intake towers. The general meth- 
ods involved and the progress on these 
featured are briefly outlined. 


Penstock tunnels 


In addition to the four major diver- 
sion tunnels, the tunneling program on 
the project ‘included: (1) One 37-ft. 
penstock header (30-ft. pipe) on each 
side of the canyon extending from the 
downstream intake towers for about 
800 ft. to the location of four branches 
to the power house and then decreasing 
to a 25-ft.-diameter outlet header and 


Fig. 1—Plan showing location and relation 
of various units of Boulder Dam project. 






terminating in six 11-ft.-diameter tun- 
nels for 84-ft. outlet pipe; (2) sixteen 


18-ft. tunnels (13-ft. pipe), four from 
each penstock header tunnel, as just 
mentioned, and eight from the inner 


diversion tunnels; (3) two 50-ft.-diam- 
eter inclined shafts from the spillways 
to the outside diversion tunnels; and 
(4) four 26x43-ft. construction adits to 
provide access to the penstock header 
tunnels for installation of steel Pipe. 
The location of these various units is 
shown in Fig, 1. 
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The largest units of 
program are the 37-ft. 


this tunneling 
inside di amet 


(41-ft. rough) penstocks which etitle ’ 
at the upstream end with a vertical 
curve from the bave of the intake tower 


and divide into smaller br 
at the lower end. This lavout necessi- 
tated the construction adits both for 
tunnel-driving operations and the in- 
stallation of the 30-ft.-diameter steel 
penstock header pipe. These tunnels 
were driven both ways from the adit 
with a rail-mounted jumbo, 
from one of the pieces of equipment 
ised in lining the diversion tunnels, 
mounting 30 drills. Each 14-ft. round 
required about 120 holes und took out 
all of the face except a 5-ft. depth ot 
invert section. Mucking was done with 


anch tunnels 


rebuilt 


a 2-yd. electric shovel loading into 
trucks (Fig. 2), which moved out to 


the portal of the adit and dumped the 


Fig. 2—Muck in 37-ft. penstock tunnels is 
handled with electric shovels and trucks. 


These tunnels start at vertical curve from 
the bottom of intake towers and end in a 
group of small outlet cunnels. 

driven from adits. 


They were 
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Fig. 3—The concrete pump is a new type 
of equipment in use at Boulder Dam. Rig 
shown here placed lining in riser shafts 
loading to canyon-wall outlets from inner 
diversion tunnels. Concrete for lining in- 
clined penstock tunnels is now being 
pumped from lower portals. 


excavated material into the canyon for 
removal. Ventilation was carried on 
with blowers and pipes and involved 
no particular problem. 

The 2-ft. concrete lining has been 
started in both tunnels. A _ full-circle 
form is used, remodeled from one of 
the diversion-tunnel forms (Fig. 4). 
The form provides for pouring a 20-ft. 
section at one time and is mounted on 
steel needle beams for moving ahead 
after each pour. Concrete for this lin- 
ing operation comes from the high- 
level mixing plant and is delivered by 
cableway to the portal of each construc- 


Fig. 4—Belt conveyor carries concrete into 

steel-form section in lining sides and invert 

of the 37-ft. upper penstock headers. Arch 
lining is placed with pneumatic guns. 
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tion adit. On the Nevada side the con- 
crete transferred to trains is taken into 
the tunnel to the form and_ there 


dumped into the hopper of a conveyor- 


ORGANIZATION OF THE U. 8. BUREAU 
OF RECLAMATION IN CHARGE OF 
BOULDER DAM CONSTRUCTION 

Administrative: 
Elwood Mead, commissioner, administra- 
tive head, Washington, D. C. 
Executive office, Denver 
R. F. Walter, chief engineer 
S. O. Harper, assistan’ chief engineer 
J. L. Savage, chief designing engineer 
W. H. Nalder, assistant chief designing 
engineer 
L. N. McClellan, chief electrical engineer 
B. W. Steele, designing engineer on dams 
H. R. McBirney, designing engineer on 
canals 
Cc. M. Day, mechanical engineer 
E. B. Debler, hydraulic engineer 
P. J, Preston, engineer in charge Colorado 
River investigations 
Ivan E. Houk, engineer 
studies 
E. W. Lane, research engineer 
Boulder City field office: 
Walker R. Young, construction engineer 
Ralph Lowry, field engineer 
John C. Page, office engineer 
G. L. Yetter, welding engineer 


on technical 


ORGANIZATION OF SIX COMPANIES 
INC.—BUILDER OF BOULDER DAM 
Member companies: 
W. A. Bechtel Co. and H. J. Kaiser, San 
Francisco 
Utah Construction Co., Ogden 
MacDonald & Kahn Co., San Francisco 
J. F. Shea Co., Portland, Ore. 
Pacific Bridge Co., Portland, Ore. 
Morrison, Knudsen Co., Boise, Idaho 
Officers: 
E. O, Wattis, president 
H. W. Morrison, vice-president 
S. D. Bechtel, vice-president 
Felix Kahn, treasurer 
Charles A. Shea, secretary 
K. K. Bechtel, assistant secretary 
treasurer 


and 


Executive committee: 


H. J. Kaiser, chairman 

Felix Kahn 

S. D. Bechtel 

Charles A. Shea 

Field Organization: 

Charles A. Shea, director of construction 

Frank T. Crowe, general manager of con- 
struction 

A. H. Ayers, chief engineer 

Bernard Williams, assistant 
superintendent 

T. M. Price, in charge of aggregate pro- 
duction ; , 
. Perry Yates, office and designing engi- 
neer 

B. W. Goodenough, field engineer 


general 
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belt system, which discharges throu 
a series of chutes into the sides 
the form. The closing arch sect 
is placed by pneumatic gun. This fo 
was set up and started at the upper 
intake tower end and will more do\ 
toward the. construction adit. 

On the Arizona side the lining fo: 
set-up is the same, but no tracks w 
be laid in the tunnel and trucks will | 
used to move concrete from the adit 
the form. This different hauling « 
rangement has been intentionally pr 
vided to settle a question of the relati 
economy of rail transportation as co: 
pared to the use of trucks for this wor} 

The eight 18-ft. inside diameter pe: 
stock tunnels on each side divide int 
two groups, four descending on a sloj. 
of 33 to 46 deg. with the horizontal 
from the 37-ft. penstock header tunne! 
and the other four alternating and e) 
tending horizontally from the insic: 
diversion tunnel. These eight tunnc! 
are 60 ft. apart and terminate on t! 
canyon wall for the present, but ult 
mately will connect directly to the eigh: 
turbines in the power house. The dril! 
ing of the horizontal tunnels was don 
with a truck-mounted jumbo drilling a 
14-ft. round for a full-circle section 
The inclines to the upper penstock 
header tunnels were driven with a cen- 
ter heading on columns, followed by 
ring*drilling one round behind, with the 
muck dragged down to the portal by 
a slack-line cableway. 

Mucking in the horizontal tunnels 
was done with a regulation mucking 
machine equipped with a lengthened 
conveyor belt discharging into trucks 
All of this tunnel muck was discharge: 
into the canyon for final removal. A 
9-in. fan and a 12-in. blower pipe car 
ried into the face provided ventilation. 
Truck engines were stopped during 
loading, and no trouble with gas wa: 
experienced. 


Fig. 5—Stoney gate on the downstream 
portal of the inside diversion tunnel on the 
Nevada side. 





December 21,1933 — Engineering News-Record 


Fig. 6—Steel bulkhead gate in position at 
the upstream portal of the outside diversion 
tunnel on the Arizona side. This gate and 
a similar one on the other side will be 
lowered only once into final position to 
Start storage in the reservoir. Low flow in 
the river permits a temporary cofferdam to 
make the other tunnel available for 
trucking. 


The 18-in. lining of these 18-ft. tun- 
nels has now been started on the Ne- 
vada side, beginning with the inclined 
tunnels, as these must be completed first 
to permit proper sequence in placing 
the steel pipe sections, which probably 
will start in the 37-ft. Nevada penstock 
tunnels. To avoid interference with the 
operations inside the 37-ft. tunnel, this 
lining is being done from the down- 
stream portal, using a concrete pump 
discharging into a full-circle timber 
form (Fig. 3), which is moved up the 
incline on steel needle beams as lining 
advances. It is planned to use this 
equipment against as high a head as 
possible and then complete the lining 
of these inclines from the upper end. 
The full-circle timber forms are moved 
ahead on steel needle beams. 

The smallest tunnel units are the 
84-ft. horseshoe (excavated 13x13 ft.) 
outlets, ‘six -on a side, from the end of 
each” penstock header to the canyon 
wall, which will discharge through 
84-in. needle valves,.at gate houses. 
These tunnels are at’ El. 820, the same 


level as the 37-ft. penstocks, about 180 
ft. above original riverbed. The out- 
lets will be used to regulate streamflow 
and reservoir draft in conjunction with 
the discharge through the power plant. 
These tunnels average about 150 ft. 
long, are 27 ft. apart and are level. 
They were drilled from the portal end, 
using drills on bars. Nine-foot rounds 
advanced full-face headings. Excava- 
tion was handled by mucking machines 
loading into trucks that backed in and 
out of the tunnels dumping into the 
canyon. The trucks were a close fit in 
these small bores. After placing the 
83-ft. steel pipe sections, these tunnels 
will be backfilled with concrete. 


Diversion tunnel gates 


The two steel bulkhead gates at the 
upstream end of the two outside diver- 
sion tunnels and the two stoney gates 
at the downstream portals of the inside 
diversion tunnels have been installed 
and tested. The 50-ft.-diameter tun- 
nels will be plugged at roughly mid- 
point after having served their primary 
purpose of river diversion; ultimately 
the two outer tunnels will be used for 
spillway outlets, and the inner pair will 
be used for penstocks. 

After testing, the bulkhead gates 
(Fig. 6) will be lowered only once to 
begin storage in the reservoir. These 
50x50-ft. gates are of heavy structural- 


Fig. 7—Perched high on the canyon wall, 
this derrick is located above the site of the 
two intake towers on the Nevada side. It 
will be used to handle forms and concrete 
for the two towers. A similar derrick on 
the other side of the river will take care of 
the Arizona towers. A cableway will span 
between the two to transport concrete to the 
far side. 


steel construction designed to withstand 
the static head of 295 ft. (height to the 
intake tower discharge ) and to close un- 
der a head of 60 it. of water. The frame 
consists of horizontal cross-girders 55 
ft. long and 125 ft. wide, and the ver- 


tical members are 504 ft. long by 104 


ft. wide. The skin plate of the gate is 
of steel 14 in. thick. 

Erected in raised position, these gates 
are supported on I-beams, and at time 
of closure water will be introduced into 
hydraulic cylinders, the supports will 
be removed and the water released 
gradually to lower the gate into closed 
position. An elaborate system for se- 
curing tight closure is provided, includ 
ing the use of cooling sprays to reduce 
the temperature of the gate to that of 
river water. In final position this gate 
is sealed with a rubber and bronze 
gasket. Each of these bulkhead gates 
weighs 2,180,000 lb., and the additional 
weight of the cylinders, wedges and 
steel frame is another 1,000,000 Ib. 
The pair of gates, exclusive of the ex- 
pense of erection, cost approximately 
$260,000. 

The stoney gates on the lower end 
of the inside diversion tunnels (Fig. 5) 
are designed for raising and lowering 
operations under a balanced water head 
of 35 ft. and are for the purpose of 
shutting out backwater from the river 
below the power house to permit main- 
tenance work on the penstocks. Each 
of these stoney gates is 50 ft. wide by 
35 ft. high and consists of seven hori- 
zontal structural-steel girders 6 ft. deep 
at the center, connecting with vertical 
girders 34 ft. deep on the sides and 
covered on the downstream face by a 
fs-in. steel plate. Two carbon-steel ear- 
plates extend above the upper edges of 
the vertical girders and connect with 
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the hoisting chains operating by 
sprocket drive through gears connected 
with a 104-hp. motor. These operating 
chains, 83 ft. long, run from the gate 
round the hoist sprocket to a counter- 
weight, consisting of a steel hanger and 
nine precast concrete blocks weighing 
11,200 Ib. each. 

The suspended weight of each stoney 
gate and chain is about 260,000 Ib., and 
the normal hoisting speed is 0.89 ft. 
per minute with a total lift of 58 ft. 
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Cost of the two stoney gates complete, 
exclusive of erection, was about 
$64,000. . 

The deep cuts in the canyon walls 
for the four intake towers being com- 
pleted, work has progressed toward 
construction of these 384-ft. shafts. 
To deliver concrete for these structures 
located high on the canyon wall and to 
provide convenient handling for forms 
and other equipment, the contractor has 
erected a steel stiff-legged derrick (Fig. 


Record-Size Cableway 
Spans Black Canyon 


OR HANDLING penstock pipe 
and power-plant equipment during 


the construction period and _ for 
permanent maintenance work, the gov- 
ernment has constructed a 150-ton cable- 
way at Boulder Dam. This _ record- 
breaking installation (five times the ca- 
pacity of any previously built) spans 
the canyon at the downstream end of 
the power houses and is on the line of 
the four construction adits driven to 
provide access to the penstock tunnels. 
The span between towers is 1,200 ft., 
and the vertical distance from the top 
loading platform to the lowest construc- 
tion adit is 605 ft. 
Since its completion several months 


Fig. 1—Everything moves by cableway in 
the dam-site area. The government 150- 
ton cableway, by far the largest ever built, 
is doing odd jobs, such as lowering trucks 
to the bottom of the gorge, until it is 
needed for its main task of handling pen- 
stock pipe and power-house units. Tempo- 
rary hoist line shown here will be replaced 
by 16-part line before any real lifting is 
done. Steel cement silos in the background 
are part of high-level mixing plant. 


ago, the cableway has been used by 
the dam contractor for miscellaneous 
operations (Fig. 1), but shortly after 
the first of the year installation of pen- 
stock pipes will begin. 

Design and operating characteristics, 
as required by the specifications, were 
described in detail in Engineering 
News-Record, Oct. 6, 1932, p. 408, in- 
cluding a plan and profile of the instal- 
lation. The special features of the final 
design and installation are outlined in 
the following : 


Cables, anchors and 
other equipment 


Cables—The track is composed of six 
34-in., 6x37, lang-lay parallel cables 
spaced on 184-in. centers. Each of these 
cables is connected to anchor bars, and 
adjustment for equal tension is provided 
by means of hydraulically operated 
jacks actuating toggles between the 
socket of the cable and the anchor bar 
at the anchorage (Fig. 4). Each track 
cable has a breaking strength of 1,070,- 
000 lb., making a total breaking strength 
of 3,210 tons for the six-part track. 
Under the design load of 150 tons the 
tension on the track cables will exert a 
2,000,000-lb. pull on each anchorage. 

The hoist cables and endless rope are 


7) on each side of the canyon to | 
dle a pair of towers. These derri 
are located above the top of the tow 
and the reach is sufficient to cover ) 
On the Nevada side the 180-ft. bh: 
will reach to the track from the hi 
level plant to handle concrete. 
transport concrete to the Arizona 
and not interfere with operations 
the dam, a cableway with fixed tow. 
will be erected to deliver to the ot! 
derrick. 


of 14-in. diameter and operate from t)\ 
carriage to hoisting drums for mov) 
the load along the track and for low: 
ing and hoisting. These ropes are su} 
ported at 100-ft. intervals by carrie: 
attached to the main carriage (Fig. 3 

Anchors—Excellent rock at both en 
of the cableway made feasible a mus) 
room type of anchor consisting of 
60-ft. length of 7x9-ft. tunnel opening 
into an 18x18x10-ft. chamber. After 
anchor steel had been installed in this 
opening, the chamber and tunnel wer: 
backfilled with concrete to a depth 
about 50 ft. On the Nevada side ther 
is a 90-ft. structural-steel tower sup 
porting the cast-steel saddle curved fo: 
proper contact. On the Arizona side no 
tower was required, and the clear span 
starts at the concrete saddle. 

Operating Equipment — The hoist 
house containing all the operating ma- 
chinery is located on the Nevada side 
of the canyon between the anchorag: 
and head tower. Each of the two main 
hoist drums is 13 ft. in diameter and 
17 ft. long, providing sufficient area | 
wind the hoist rope in a single laye: 
These drums are grooved for each turn 
of cable. A special feature of the driv 
construction is the use of structura! 
steel members with welded connection: 
as shown in Fig. 2. 

Each of these drums is operated by a 
125-hp. d.c. motor through a geare:l 


Fig. 2—Two main-hoist drums are 13 ft. 
in diameter and 17 ft. long, equipped with 
solenoid brakes. Conveying line drum can 
be seen next to far wall. Note welded 
Structural-steel construction of drum spokes. 
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Fig. 3—The carriage rides the six-track 

cables on 48 wheels. Besides the track 

wheels there are enough line sheaves in this 

rig to provide a 16-part 1g-in. line for 
hoisting 150-ton loads. 


Fig. 4—Hydraulic jacks within adjustable 

toggles provide for equalizing the sag of 

the six track cables. This installation is at 
the Nevada anchorage. 


speed reducer. The two drums and 
their separate motors are synchronized 
by an electric control mechanism to 
provide equalized hoisting at all speeds. 
From these hoisting drums the 1-in. 
ropes are reeved in sixteen parts on the 
line supporting the fall blocks. Oper- 
ating speed for the hoist is 120 ft. per 
minute for small loads and 30 ft. per 
minute for the maximum 150-ton design 
load. In addition, there will be two 
inching speeds for picking and spotting 
heavy loads, which provide a minimum 
movement of 5 ft. per minute. 

A separate drum for the conveying 
line, 8 ft. in diameter and 104 ft. long, 
is driven by a 400-hp. d.c. motor oper- 
ating through a herringbone gear re- 
ducer. This drum carries the two 1}-in. 
ropes for movement of the carriage 
along the track. The speed of the car- 
riage is 240 ft. per minute, with addi- 
tional provisions for creeping speeds on 
approaching any station. 

The hoisting equipment is provided 
with service and emergency brakes de- 
signed to decelerate and sustain full load 
under all operating conditions, including 
the interruption of power _ service. 
Under normal deceleration of load, 
dynamic breaking is provided before 
using the service brakes, but the latter 
will function automatically in case the 
dynamic breaking fails. The service 
brakes are of the solenoid-operated type. 
In addition to these brakes, there is an 
emergency brake for each drum held 
normally in released position and also 
capable of decelerating and holding the 
maximum load in any emergency. 

Control—Operation of the cableway 
is by remote control either from the 


main control station, which is supported 
on cantilever I-beams over the canyon, 
with a view of all loading platforms, or 
by interlocking change-over switch to 
any of the other four stations at the 
loading platforms. In the main control 
house there is a permanent installation, 
and the equipment at the other control 
stations will be of the portable type. 
Interlocking is provided in changing the 
control from various stations, and any 
loss of power provides for automatic 
setting of brakes. 

Organization—The cableway was de- 
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signed in the Denver office of the U. S. 
Bureau of Reclamation under the gen- 
eral direction of R. F. Walter, chief 
engineer. The contract for furnishing 
and erecting the cableway equipment 
was carried out by. the Lidgerwood 
Manufacturing Co., Elizabeth, N. J. 
The government, under separate con- 
tract with the Six Companies Inc., pro- 
vided the excavation for anchors, hoist 
house and tower, in addition to the con- 
crete for this feature. The Lidgerwood 
Co. also contracted with the Six Com- 
panies Inc. for erection of the cableway. 


Gorge Excavation Confirms 
Geological Assumptions 


Original advice on geological features of Black Canyon checked 
by subsequent investigations—Removal of river fill reveals 
tight and sound canyon floor ideal for foundation of dam—Evi- 
dence points to movement of entire river sediment during floods 


gineers and geologists, reporting on 

the feasibility of constructing a 
huge dam on the Colorado River, 
recommended the Black Canyon site as 
the most favorable (ENR, Dec. 13, 
1928, p. 887). As the dam under con- 
sideration was to be by far the greatest 
ever built, proper selection of a site was 
one of the most important engineering 
problems involved in the whole project. 
At that time the canyon walls were 
formidable, defying intimate inspection. 
The gorge floor, upon which millions of 
yards of concrete were to be safely car- 
ried to impound millions of acre-feet of 
water, was buried far below swirling 
muddy waters and an unknown depth of 
river sediment. Six months ago that 
canyon floor was artificially scraped 
clean, revealing geological formations 
for open inspection, 

Every major contention and assump- 
tion made by the board five years ago 
regarding the geology of Black Canyon 
as adapted to the site of the dam has 
been confirmed by intimate examination 
of the gorge in the dry. The rock for- 
mation is thoroughly capable of bear- 
ing the load and resisting the thrusts of 
the dam. Watertightness of the walls 
and floor is beyond all expectations. 
Preparation of the foundations required 
little more than removal of overlying 
sediment. Professor Charles P. Berkey, 
a member of the original board, has sub- 
mitted an official report of the geologi- 
cal features of the site to the Bureau of 
Reclamation, following a personal in- 
spection of the excavated river gorge. 
This report, made May 31, 1933, is 
abstracted in the following. 


Fe= YEARS AGO a board of en- 


On the whole, the results of all the 
later work connected with the structure 
confirm the essential accuracy of the 
original statement of the Colorado River 
Board with respect to the good quality 
and the excellent working behavior of 
the rock forming the canyon walls, the 
tight character and favorable behavior 
of the river fill, the soundness of the 
floor of the gorge and the general physi- 
cal feasibility of the undertaking so far 
as geological factors were concerned. If 
the items covered in the first report of 
that board were written now with all of 
the advantages of subsequent construc- 
tion experience and full exposure of the 
site, none of them would require mate- 
rial modifications to fit the actual facts 
as found. In no case have new or unex- 
pected conditions introduced geologic 
surprises of sufficiently serious char- 
acter to require change of plan or de- 
sign, marked revision of estimate or 
method of handling of the main 
structure. 


Major geologic features 


Character of the Abutment Rock — 
The canyon walls at the side of the 
dam were judged to be essentially sound 
before the abutments were cleaned and 
excavated to the desired form, but 
actual excavation, bringing into close 
observation and review every foot of the 
bearing surface, leaves nothing to con- 
jecture. The rock is sound and reason- 
ably uniform and unusually free from 
objectionable or large weaknesses. Such 
fractures, joints and variations of quality 
as exist are distributed in heterogeneous 
manner and do not establish continued 
lines of weakness and consequently can 





Fig. 1—River fill at dam site proved to be 
compact, tight and remarkably stable, pro- 
viding ideal foundation for cofferdams. 
Stratification of sand and gravel layers is 
well illustrated by this view. Broken rock 
on top of fill is from canyon-wall scaling. 


be easily covered or bridged over. Even 
the major joints and slips are for th: 
most part tight, and many of them are 
rehealed. Such of them as do open can 
be grouted without unusual difficulty. 
The abutments under development, 
therefore, have proved to be exceptional 
in every respect. 

The Rock Floor—Now that the rock 
floor is uncovered it is possible to check 
in detail the points that could only be 
estimated heretofore. There is no doubt 
but that the foundation as a whole is 
sound, The gorge does not follow a 
fault zone, and the rock of the floor is 
similar in all essential respects to that 
of the lower canyon wall. Wherever it 
is more jointed than elsewhere, the 
stream has eroded deeper. There is also 
an inner gorge, marked by a deep pot- 
hole erosion, forming a narrow and 
somewhat tortuous channel! along the 
center line at a depth of 75 to 80 ft. be- 
low the rock benches on either side. In 
places the outer lips of the rock terraces 
are pitted profusely with shallow pot- 
holes, but for the most part the side 
benches are comparatively smooth and 
surprisingly flat and uniform. In strik- 
ing contrast the inner gorge is deeply 
pitted and fluted along the side walls 
and is markedly uneven in form and 
depth (Fig. 3). The average depth is 
about 75 ft. below bench level. Both the 
bench and inner gorge vary in promi- 
nence with the quality of the rock. 
Wherever the rock is crossed by a 
crush zone or is considerably jointed, 
there erosion has cut most or all of the 
bench away. In consequence, there are 
notches in the bench reaching in favor- 
able places almost or quite to the main 
canyon wall. 
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Fig. 2—Finding of a sawed plank on rock 

bench at top of inner gorge, buried deep 

in undisturbed river fill, gave conclusive 

proof of great depth of scour in recent 
times. 


It is especially satisfactory, therefore, 
to note that at the precise site of the 
dam the bench has better form, is higher 
and wider, and is less cut up by erosion 
depressions than it is immediately above 


or below. Furthermore, it appears that 
nowhere else within the range of ex- 
ploratory study have so many additional 
advantageous features been found. Evi- 
dently the dam has been located at the 
right place. If the floor had been 
str »ed as it is now, before the exact 
s was selected, it could not have been 
located more accurately to take advan- 
tage of the best local physical conditions. 

Special Erosion Features — Pot-hole 
erosion is of itself no unusual phenome- 
non. It is in fact a common formation 
of erosion in a rapid stream flowing 
over fairly uniform massive rock. The 
more striking feature is the bench form 
at either side with its abrupt change of 
profile, both at the inner and outer 
margin. This bench or terrace form 


is a fairly constant feature of the cany 
bottom, for it is shown by the borin 
on almost every section line, both 
Black and Boulder canyons. The shar; 
ness of the form, however, was not di 
closed until the floor was uncover 
This clearness of form seems to me: 
that the mass of sediment across t!] 
whole gorge actually moves in gr 
flood tides, subjecting the entire wid: 
of floor to scour, while in addition the: 
is a concentration of whirling moveme: 
in the center that sets up  pot-ho 
erosion to a greater depth. 

The assumption that the whole ma 
of river fill has moved in present tim: 
seems at first difficult to believe and w 
doubted by most observers. That que 
tion, however, is virtually settled no\ 
by two observations: first, the essenti: 
continuity and similarity in quality an 
condition of the river fill from top t 
bottom; and second, the finding of 
sawed plank of lumber lying under th 
gravel on the edge of the inner gorge, 
a place that it could not have reach« 
in any imaginable way except by buria 
during some comparatively recent floo:! 
(Fig. 2). 


The river fill 


The sand-gravel-boulder mass filling 
the bottom of the gorge to a depth o! 
approximately 120 ft. has been from th 
beginning a feature of considerable un- 
certainty and difference of opinion 
There was no way of telling from th 
borings or any other source whether 01 
not it would stand up well against ex 
cavation or whether instead it might 
slump and ravel badly when exposed 
Neither could it be definitely ascertained 
whether much or little water would |}: 
furnished through it into the major ex 
cavation. It was rather commonly be 
lieved that the lower portion of the mas- 
was not moved in present-day floods and 
might be much older and more com- 
pacted than the upper portion, which o! 
course is known to be affected by mod 
ern scour and fill. It has been an agree- 
able discovery on completing the exca 
vation to find that the whole stratified 
mass is essentially tight, furnishing sur 
prisingly little water in this immens 
excavation; that it is also unusuall) 
stable, standing up well in almost verti 
cal walls 10 to 30 ft. high, and that, 
despite this behavior, it is virtually un 
cemented from top to bottom, permitting 
easy excavation without special loosen 
ing (Fig. 1). With such behavior it 1- 
clear that the cofferdams that rest 01 
this river fill are safe as far as thes: 
foundations are concerned, and tha! 
special trouble from this source nee 
not be feared even in flood time. 

The Spillway Breccia—Over a smal! 
area in the vicinity of the spillway on 
the Arizona side the local rock exhibit- 
a decidedly more porous condition an 
4 more varied volcanic fragmenta! 
make-up than elsewhere on the dam 
site. There are many very large block- 
included in the cumulative mass and ; 
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great variety of igneous rock types. 
Sedimentation structures in this mass 
are either lacking entirely or are obscure 
and patchy in distribution. Further- 
more, the fragments composing the rock 
present extremely varied physical 
conditions because of the vigorous 
chemical attack on the mass subsequent 
to its a¢cumulation. The most reason- 
able explanation of this formation is 
that the mass of rock in the vicinity of 
the Arizona spillway represents an ac- 
cumulation in and over one of the local 
volcanic vents of that time. Even after 
the accumulation was made, volcanic 
gases continued to escape through the 
loosely fitted mass of mixed material 
until these forces died down. There is 
nothing extraordinary about the occur- 
rence. There is no reason to expect 
special difficulty or troublesome be- 
havior. The mass is amply strong to 
support the structure designed for it 
and sufficiently stable to serve its pur- 
pose. It is not as tight as the average 
of this formation, but its porosity is no 
great detriment to its proposed service. 


Minor features 


Hot Springs—At several places within 
the walls of the inner gorge, warm 
water issues from crevices in the rock. 
Temperatures of 88 deg. F. and 993 
deg. F. were found at two points just 
above the upstream toe of the dam at a 
time when the river water had a tem- 
perature of 624 deg. F. Much smaller 
amounts of water issue from other 
streams at several places along the inner 
gorge walls, but none of these appears 
to have abnormal temperatures. These 
springs can be handled by blocking off, 
building up ahead of course, but some 
other outlet would surely be found either 
above or below the dam in a round- 
about manner through the related joints 
of the foundation and the abutment 
rock, and no anxiety need be enter- 
tained on that point. In case the waters 
are found injurious to concrete, they 
can be drained away from the dam. 

Slabby Rock — At numerous places 
along the lower side of the gorge the 
rock exhibits a peculiarly regular slab- 
like cleavage. These slabs or plates 
are not very regular in form, but they 
do give the rock a prominent structural 
appearance that suggests some special 
cause. Examination shows that the 
physical make-up and original bedding 
structure of the rock has virtually 
nothing to do with the slabbing forma- 
tion. The plates are as likely to cut 
across the structure as to follow it. It 
is possible that weathering has been the 
cause of this formation, but this is not 
very convincing, for there are many 
places equally as exposed which do not 
show the effect at all. It is possible 
that the rock has been suppressed to a 
more critical internal condition than the 
average at these places, so that when the 
force is removed it tends to expand and 
rupture. In this manner it might de- 
velop a sort of crude cleavage, as some- 


times happens with the so-called “pop- 
ping rock” of deep tunnels. According 
to this view, the river gorge is a great 
channel cut down deep into the some- 
what unevenly crowded and_ strained 
rock, some portions of which in the 
course of a long time and with the help 
of weather, have registered readjust- 
ment by splitting up in this peculiar 
manner. Removal of loose slabs from 
the floor wherever they exist is recom- 
mended. 

Mud Seams and Fault Zones—An oc- 
casional joint in the bottom of the gorge 
has enough spread to allow mud to col- 
lect in it. There is nothing unusual 
about this, but the fact that the walls do 


Fig. 3—Erosion of deep inner gorge pro- 
duced walls of characteristic fluted structure. 


not fit tight together and also that the 
filling - substance is soft clay, which 
would interfere with grouting, raise a 
question of treatment for support of 
such a great structure as this dam. The 
rocks involved are sound enough. The 
occurrence of mud seams does not indi- 
cate decay or excessive weakness, It 
is essentially a superficial feature, prob- 
ably due to the pressure phenomena al- 
ready discussed. Joints reaching the 
surface and standing at steep angles will 
be bridged over by the dam. Where the 
mud seams lie flat, the overlying rock 
can be excavated to solid material with- 
out much trouble. 

Although there is no major fault in 
the site or in the immediate vicinity, 
there are many small displacements and 
slips of secondary and very minor sig- 
nificance in the canyon wall. There is 
no evidence of recent movement along 
any of these lines, and although there 
is no likelihood that water circulation of 
consequence could be established along 
any one of them, it is advisable to pro- 
vide for grouting of the extension of 
one of these on the Arizona side, the 
course of which carries it behind the 
abutment on that side. No other places 
seem to invite such treatment. This is 


because they were tighter to begin with, 
or farther removed from the dam and 
therefore out of range. 


Summary 


The foundations ‘and surrounding 
features of the excavation of Boulder 
Dam are reassuring in every important 
particular. The rock of the floor is as 
good as that of the canyon wall. There 
is no major fault or other weakness at 
the present time along the bottom chan- 
nel. The erosion phenomena are normal, 
and the forms produced are those be- 
longing to rapid streams. The river fill 
is surprisingly tight and stands well, thus 
insuring safe support of the cofferdams. 
There is little water to handle from the 
excavation. There is not the slightest 
doubt about the general stability of the 
foundation and abutment rock. As far 
as the physical features and conditions 
are concerned, the site has developed 
more favorably than was predicted for it. 

No surprises have been disclosed. 
Although most of the ground has turned 
out to be sound and uniform and has 
behaved exceptionally well under con- 
struction, the Arizona spillway has en- 
countered more porous and somewhat 
weaker rock than any other section of 
the work. Fortunately, it is not suf- 
ficiently unstable to require any impor- 
tant change of plan, although special care 
in handling this section is being taken. 

Although there are many soft spots in 
the rock, marked chiefly by individual 
constituent fragments that have been 
altered since the rock was placed, there 
are no continuous weaknesses and little 
or no soluble or easily destroyed mate- 
rial. This condition does not introduce 
any complications, for all such minor 
weaknesses are bridged over, making 
the average quality only of practical sig- 
nificance. The rock of the foundation 
does not soften materially under sub- 
mergence and, although moderately por- 
ous, it is virtually impervious. There is 
some jointing, and such water circula- 
tion as there is follows these structures. 
They are neither very numerous nor 
very open, and they tend to tighten with 
depth, but their existence makes a pro- 
gram of grouting necessary. 

The rock floor is sound and _ fully 
competent to carry the load _ con- 
templated, with only the usual precau- 
tions in providing a good bearing sur- 
face and making provision for grouting. 
The abutments are similar to the floor 
in character of rock and _ structural 


quality, and they require similar treat- 


ment. Any belt of more numerous joints 
than usual and any crushed stone coming 
close to the dam should receive special 
attention in grouting to check effectively 
the water seepage. 

The sum total of evidence available 
from construction supports the original 
opinion that this site is one of the best 
on the river, that its physical support 
and surroundings are excellent, and that 
perfect operating behavior is to be ex- 
pected when the work is completed. 
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To Measure Building Needs 


Y EXPANSION of the real property survey plan 

initiated at Cleveland to a number of other cities 
through the medium of CWA funds, a highly important 
advance in knowledge of building history and needs is 
in prospect. The survey will give the first tangible 
measure of some major factors controlling city develop- 
ments and capital investment. It will afford a guide to 
efficient city planning and the construction of buildings 
and improvements by giving data on rate of obsolescence 
of individual properties and city districts as a whole, and 
variation of producing power of property, stability of 
use and population—all of these being facts needed by 
both private and public agencies for intelligent planning. 
Investment in these surveys is one of the most construc- 
tive applications of CWA funds that could be made, 
since in addition to creating a dollar’s worth of employ- 
ment for every dollar spent it lays a solid foundation 
for new values. 


Funds Misapplied 


LLOCATION of $500,000 of the Recovery Act fund 
to the Federal Alcohol Control Board by the Pub- 
lic Works Administration is an application of money 
from that fund to a use for which no justification can 
be found under the Recovery Act. It marks the climax 
of a series of questionable extractions from the fund 
that began when $400,000 was taken to finance a power- 
development study by the Federal Power Commission. 
This diversion of funds now includes $301,000,000 to 
the Civilian Conservation Corps for “anticipated ex- 
penses” and $20,000,000 to the same organization for 
land purchase, $2,000,000 to the Department of Agri- 
culture for plant-disease control and $10,000,000 to the 
Interior Department for soil-erosion control, all of 
them undertakings not contemplated by Congress when 
the act was passed. The act was directed toward making 
up the lag in public construction, and as its $3,300,000,000 
fund is not adequate to finance even this specific class of 
work, it should not be depleted by diversions for enter- 
prises not authorized by Congress, worth-while though 
they may be. 


Useful Investment 


NCOURAGING contrast with the diversion of 

PWA funds to administrative use is afforded by 
some notable PWA allocations of the past week or two, 
which combine re-employment with urgently needed 
public service. The funds allocated to completion of the 
New York subway system and the sewage-treatment 
works of the Chicago Sanitary District both have imme- 
diate value. The former will create an extensive trans- 
portation system of which only the main trunk now 
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exists, and thereby will increase the efficiency of the city 
facilitate business, and bring nearer solution the unfor 
tunate tangle of rapid-transit operation. For the Chi 
cago Sanitary District the new loan brings measurab|, 
nearer reality the complete treatment system on which th: 
welfare of a great community depends. Neither o/ 
these two enterprises, moreover, is in any manner com- 
petitive with existing business. 


In New Dimensions 


UCCESS in landing the first deep caisson of the San 

Francisco Bay Bridge directs attention once more t 
the way in which great construction undertakings of the 
present time are going into new dimensions in their 
foundation work. The New Orleans Bridge, as well as 
the San Francisco Bay crossing, the Atchafalaya River 
Bridge at Morgan City and the projected Baton Rouge 
Bridge all require depths of foundations that would have 
been considered almost impracticable but a few years 
back. Deep piers for these bridges are possible not so 
much because of major engineering developments or 
more ample funds as through increased technical skill. 
An instance is the solution of the Bay Bridge problem, 
involving foundations 226 ft. deep, by floating the 
caissons with special air chambers formed by closing 
the tops of the dredging wells. Another instance oc- 
curs on the New Orleans Bridge, where cellular con- 
crete caissons are to be used in which all walls, exterior 
and interior, are equipped with closely spaced vertical 
tubes giving access to the cutting edges at a maximum 
depth of 180 ft., for jetting, drilling or cutting away ob- 
structions; these caissons will be open-dredged through 
artificial sand islands such as were first used on the 
Suisun Bay railway bridge in California. In such de- 
velopments of methods to solve new problems it is made 
evident that present-day engineers bring to their work 
a full measure of resourcefulness and skill. 


A Check on Incompetence 


LMOST as significant and radical as the Tennessee 
Valley Authority's recent announcement of a broad 
policy of public power control is one detail of the TV A’s 
first power-sale contract that has quite general bearing 
on public service administration. Under the power con- 
tract made with the city of Tupelo, Miss., the city is re- 
quired to segregate its power accounts and funds from 
all its other accounts. Such segregation is what advo- 
cates of sound municipal government have long urged for 
all revenue services of cities, particularly water. Segrega- 
tion of accounts is so rare as to be all but non-existent, 
and segregation of funds is even rarer. Municipal officials 
too frequently object to segregated accounting because it 
would show how rates are related to cost of service; 
they object to segregation of funds because it would pre- 
vent the fudging and transfers that are too commonly 
resorted to in order to conceal inefficient operation and 
bad budgeting. Unfortunately the charge of mental dis- 
honesty extends beyond the public officials to the citizens, 
for they show time and again their eagerness to finance 
general expenditures from the income of public services 
and oppose the determination of rates on a proper cost 
basis. The determination of the TVA to enforce a 
sound principle of service-cost determination and 
charging will be a check to such incompetent procedure 
in power service, and in time should help to bring about 
sound practice in public-service operation generally. 
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Estimating the Shortage 


ALUABLE DATA were compiled recently by the 

governmental study group that carried out the analy- 
sis of construction requirements and possibilities ab- 
stracted in our last issue (p. 715). The amount of re- 
quired construction during 1934 and 1935 exceeds 
thirteen billion dollars, or nearly seven billions per year. 
This is so near the country’s normal rate of construc- 
tion to meet the current demand as to indicate that the 
suggested program would fill one of the largest remain- 
ings gaps in employment and business activity and by 
so doing would make a decisive contribution to recovery. 
It may be that the investigators set about their study 
for the very purpose of devising a plan of normaliza- 
tion; but the fact remains that their estimate reflects 
quite faithfully the actual construction deficit. The mag- 
nitude of this deficit is a fact of great public moment. 

During the decade 1920-’30 the country’s annual con- 
struction bill averaged about seven and one-half billions. 
Roughly speaking, one-third of the money went for 
housing, one-third for industrial and commercial require- 
ments and one-third for public works. Since 1929 a 
deficit has been accumulating, at first slowly but with 
1931 at rapidly increasing rate. It now exceeds twelve 
billions, and probably approaches fifteen billions. The 
deficit is certain to be made up, but while it remains it 
represents the biggest single factor in continuing the 
depression, as it accounts for the loss of at least ten 
million man-years of employment, with all that this 
means in impoverishment, distress and reaction on in- 
dustry. It also constitutes the most serious threat to 
stability after the depression is overcome, for by throw- 
ing an abnormal volume of building activity on top of 
regular business it would inflate prices and values and 
accelerate consequent collapse. 

Some elements of the deficit are worth considering. 
New housing is required each year for 750,000 to 1,000,- 
000 families, to meet the losses of fire, decay and obso- 
lescence and to provide for normal growth. Temporarily 
this demand is elastic, depending on the individual pocket- 
book, but in the long run it is stable and real. The hous- 
ing deficit represents several years’ accumulation of this 
demand. The deficit in municipal public services such as 
water supply, waste disposal, and other service facilities 
exceeds the value of two billion dollars. Bad pavement 
and mud roads represent a like deficit. Interrupted 
grade-crossing elimination and improvement of neglected 
or obsolete railway equipment and port facilities also 
represent billions. In manufacturing plants and com- 
mercial buildings there are shortages of vast size that 
have accumulated in spite of the much discussed over- 
building. 

The sum of these elements, however, represents only 
the deficiency that has been incurred during the depres- 
sion as compared with the normal rate of meeting con- 
struction requirements. In addition, there are huge de- 
ficiencies in inadequate facilities whose improvement has 
never been approached. Thus the survey already men- 
tioned cites the fact that even in the active year 1929 
more than a million family accommodations were so far 
below a reasonable living standard as to require replace- 
ment. The fact is that construction has at no time been 
more than an answer to current demand. Even in the 
years of largest construction volume, when the total of 
operations in the United States reached a value of more 
than ten billion dollars, improvement and replacement 
were doing no more than keep pace with the coun- 
try’s growing needs, and there was no net gain on past 
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deficiencies. We may conclude, therefore, that until this 
rate is again approximated the standards of living are 
being progressively lowered, and that the deficit must 
soon be made up if we are not to continue on a perman- 
ently lowered plane. 


Wage Rates for Engineers 


UCH misunderstanding exists in relation to the 

matter of wages for employed engineers and en- 
gineering assistants under the engineers’ code, and 
no small amount of criticism has been directed toward 
the code committee for its failure to write into the code 
a minimum wage that even approached an adequate mini- 
mum for men of engineering training. Many have said 
that the figure now in the code—the 40c. an hour of 
the basic construction code—is a minimum wage for 
engineers and as such is absurd even for sections of 
the country where living costs are low. 

The wage provisions of the code are clear: first, a 
minimum wage for the lowest grade of worker likely to 
be employed by an engineer, such as an axeman; and, 
second, a provision that minimum wages for the tech- 
nically trained employees, engineers and engineering 
assistants, shall be set regionally by a subcommittee 
within three months after the approval of the code. 
With this definite provision for setting minimum wages 
for engineers and engineering assistants, it seems obvious 
that the minimum in the code is not intended to apply to 
these two classes of technical men. 

Postponement of the setting of rates for these two 
classes until three months after the approval of the code 
frequently has been declared unnecessary and undesir- 
able. It is stated that it should have been possible to 
set rates for several classifications of both engineers and 
engineering assistants in the months that have elapsed 
since the code work started. In retrospect, that is true, 
but when the postponement provision first was written 
into the code last summer it was thought that the code 
would be approved in a few weeks. Since then approval 
always has appeared to be just around the corner. That, 
as well as the fact that the code committee continually has 
had to adjust its thinking to changing NRA require- 
ments, has kept the committee from doing many things 
that otherwise might have been done. 

Now a new development within the NRA indicates 
that had such action been taken it would have been 
wasted effort. Except in industries in which both em- 
ployers and employees are almost fully organized, the 
NRA will approve no rates in a code other than one 
basic minimum. In the code for materials inspection, 
for example, where two rates for technical employees 
were prescribed in addition to the basic minimum, both 
were cut out when the code, after a public hearing, was 
submitted to the NRA for review. 

On the other hand, the obligation to establish ade- 
quate regional rates stands as the most important action 
to be taken after the code is approved. There is in- 
creasing evidence of a feeling among engineering em- 
ployees that the code committee has been lukewarm 
toward the pay issue and that its members, with the em- 
ploying engineer’s interest in mind, have sought to pre- 
vent any increase in service cost to the employer. If this 
unfortunate opinion is to be controverted, there must be 
prompt action by the code committee on the subject of 
regional wage rates as soon as it is known what pro- 


cedure the code will permit. Adequate rates must be 
established quickly. 





President to Ask 
Funds to Continue 


Civil Works Program 


RESIDENT Roosevelt’s plans for car- 

rying forward the Public Works pro- 
gram next year will not be presented in 
their entirety when Congress convenes 
Jan. 3. A comparatively small appropria- 
tion to replenish the public works fund will 
be recommende* but the President is im- 
pressed by the Uesirability of studying the 
social aspect of public works, apart from 
political and economic factors, before com- 
mitting himself to any new program of 
considerable extent. 

With 4,000,000 men now on Civil 
Works payrolls, President Roosevelt is ex- 
pected to ask Congress for an appropria- 
tion of about $350,000,000 to supplement 
the initial allotment of $400,000,000 from 
the public works fund. It is estimated that 
this will carry the full complement of 
4,000,000 mer. through to March 1, with a 
rapid reduction by climatic zones in CWA 
crews following that date, in the hope that 
all may be discharged from the rolls by 
April 15 or May 1, as the public works 
program gets under way and more oppor- 
tunity for private employment presents it- 
self. In direct conflict with this progr-m 
is the proposal of the U. S. Conference 
of Mayors to increase Civil Works pay- 
rolls to 8,000,000 men. 


Civil Works rates fixed 


Regulations issued by the Civil Works 
Administration fix minimum salary scales 
for “white collar” employees under which 
men with no previous training will earn 
at least $15 a week and those whose work 
necessitates “a recognized expertness or 
skill gained by specific training or experi- 
ence” will get a minimum of $18. Super- 
visors Over groups of workers are assured 
of $21 a week and technical supervisors 
may be paid as much as $40. White collar 
employees may work 39 hours a_ week, 
although all others are limited to 30. Wage 
rates paid to classifications intermediate to 
the PWA rates for common and skilled 
labor, such as apprentices and helpers, must 
reflect the prevailing differentials in their 
communities. CWA has adopted the same 
provision as PWA for hiring union labor 
through recognized locals. If such re- 
quests are not filled by the local unions 
within 48 hours, workers may be drawn 
direct from the lists of the U. S. Employ- 
ment Service. 
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New Railroad Line Proposed 


The Missouri-Kansas Belt Railway & 
Terminal Co. has applied to the Interstate 
Commerce Commission for permission to 
construct a railway line from Kansas City, 
Mo. to Valley Falls, Kansas, with branches 
from Leavenworth to McLuth, and from 
Oskaloosa to Topeka, a total distance of 
115 miles. The company is a new organi- 
zation. 
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NEWS OF THE .WEEK 


Contracts Let for Large Map 
of U. S. Indian Reservations 


Acting in behalf of the Soil Erosion 
Service of the Department of the Interior, 
Secretary Ickes has awarded to the Fair- 
child Aerial Survey, Inc., a contract for 
making the largest single aerial photo- 
graphic mosaic map ever undertaken. The 
map will cover 24,500 sq. miles of land in 
the Navajo and Zuni Indian reservation in 
the states of Arizona, New Mexico and 
Utah. The map will be at a scale of 
1 in. = 2,300 ft. and will be about 40x24 
ft. in size. Photographs will be taken from 
an altitude of 2,000 ft. and about 4,500 
photographs will be required. 

At present there are no accurate maps 
of the greater part of the Navajo reserva- 
tion. The total cost of the aerial survey 
will be about $77,000 as compared with a 
ground survey estimated to cost $500,000. 


—— 


Construction Industry Code 
Nears Approval by Johnson 


As this issue goes to press the construc- 
tion code has been agreed on in respect 
to all major differences and is reported to 
be likely to go to Hugh S. Johnson, Ad- 
ministrator, on Thursday, Dec. 21, with 
half a dozen or more of its major divi- 
sions. In view of the extensive discus- 
sions through which the code has gone, 
prompt approval is expected. 

In its final form the code is a single 
document embracing the construction in- 
dustry as a whole and its individual com- 
ponents. Chapter I covers the definition, 
labor conditions, administration and trade 
practices of the construction industry, 
while following chapters cover more 
specifically the several component indus- 
tries. With Chapter I the following divi- 
sion chapters are expected to go through 
at present: General contractors, painters 
and decorators, elevator builders, mason 
contractors, heating and piping contractors, 
tile and mantel setters, plumbers. One 
or two other divisions may be ready for 
action at the same time. The engineers 
and architects divisions continue under 
discussion, mainly on the point of whether 
minimum fees are to be written into the 
code. 
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New Railroad Station Opened 


The new station of the Pennsylvania 
Railroad in Philadelphia at 30th St. on the 
west bank of Schuylkill River was put into 
service on Dec. 15. It is designed to re- 
place the Old Broad St. station and to 
permit the elimination of the elevated ap- 
proach to that station known as the “Chi- 
nese Wall.” For a year or more a new 
underground suburban station near the 
3road St. station has been in operation and 
the suburban section of tle new main sta- 
tion on the west bank of the Schuylkill 
River has been used for part of the through 
train service to facilitate completion of the 
main station. 


Highway Bridge 
at Baton Rouge 
Gets PWA Loan 


A LOAN and grant totaling $7,000.00) 
to the state of Louisiana, through t!) 
Louisiana highway commission, for the c 
struction of a combined railway and hig! 
way bridge across the Mississippi Rive: 
2.7 miles above Baton Rouge was amon 
the allocations of funds made by the Pu! 
lic Works Administration during the pas: 
week. Plans for the construction of suc! 
a bridge have been under way for son 
time and it is expected that construction 
can start within two months after the com- 
pletion of the agreement between the stat: 
and the PWA for the loan. The loan is 
to be sceured by general obligation bonds 
The design for the bridge calls for a 
structure capable of carrying railroad 
tracks. In 1930 the Missouri Pacific Rail- 
road applied to the Interstate Commerc: 
Commission for authority to participate in 
the construction of such a bridge and for 
approval of an agreement with the Louisi- 
ana and Arkansas R.R. for the use of its 
line on the east bank of the river between 
Baton Rouge and New Orleans. This 
application was dismissed last October upon 
the application of the railroad because a 
falling off in income made it impossible for 
it to bear part of the cost of the bridge. 


Loan applications sought 


Secretary Ickes has instructed the PW A 
organizations throughout the country to 
continue to secure qualified applications 
for loans for non-federal work regardless 
of the approaching exhaustion of the pub- 
lic works fund. This has been done in 
order to permit him to report fully upon 
the desirability of enlarging the PWA pro- 
gram on the basis of money still needed for 
worth-while projects. 


Irrigation work 


An allotment of $4,853,000 has been 
made to Willacy County Water Contro! 
and Improvement District No. 1 in the 
state of Texas to complete the irrigation 
system in Willacy and Hidalgo counties 
A sum of $1,000,000 has been allotted t 
air conditioning for public buildings in 
Washington, D. C. The buildings in which 
air conditioning plants will be installed hav: 
yet to be selected. 


Railroad loans 


Loans totalling nearly $42,000,000 to 
railroad companies for equipment and 
construction were approved by the PWA 
last week. Most of the money is for new 
locomotives, freight cars and passenger 
cars, but $2,400,000 of the loan to th: 
Boston & Maine Railioad is to be used on 
maintenance of way and structures. 

An allotment of $28,500 has been made 
to the Office of Indian Affairs for a new 
bridge between the Pawnee Indian Agenc: 
and the city of Pawnee, Okla., and $22,000 
has been given to the same department 


oa et oo Gee ae ob 2 





December 21,1933 — Engineering News-Record 


improve the water system of the Cheyenne 
and Arapahoe Agency in Oklahoma. 


Housing loans 


An allotment of $84,000 to a limited- 
dividend corporation in Altavista, Va., for 
the construction of 50 small houses, has 
been announced by the PWA. The name 
of the corporation is not given. The cor- 
poration proposes to put up a cash equity 
of $16,000 to make a total of $100,000. 
The houses are for mill hands employed in 
the town who cannot find adequate quar- 
ters there. 


Non-federal work 


Loans and grants totalling nearly $50,- 
000,000 were announced as approved by 
the Public Works Administration during 
the past week. The details are given in 
the accompanying table. Included therein 
is the loan of $23,160,000 to the city of New 
York for its Independent subway system, 
announced in our issue of last week. 


> 
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Groundwork Being Laid 
For New York Housing 


Events are being so shaped in New York 
City that when the new administration 
takes office on Jan. 1, an effective basis 
will exist for initiating a comprehensive 
program of slum clearance and low-cost 
housing. For several days a staff of en- 
gineers and architects have been assisting 
a slum clearance committee, headed by 
R. H. Shreve, to complete a report on New 
York conditions and requirements to be 
presented to the PWA authorities at Wash- 
ington. The study is being financed by 
CWA funds. 

Mayor-elect LaGuardia has stated sev- 
eral times that slum eradication will be one 
of the prime objectives of his administra- 
tion. Last week he appointed Langdon 
W. Post as tenement house commissioner, 
and Mr. Post immediately announced his 
plans to abolish the tenement house de- 
partment and reorganize it into a housing 
commission which will have city-wide slum 
clearance and modern low-cost housing 
as its principal objective. Under the pres- 
ent housing laws the city has the right to 
acquire land and lease it to limited-divi- 
dend corporations. Mr. Post plans to go 
further and make housing completely 
municipal. This will require legislative 
action, and a bill is to be laid before the 
legislature next month providing for the 
establishment of municipal housing authori- 
ties, eligible for financing assistance from 
the Federal Emergency Housing Corpora- 
tion. All the numerous plans and sugges- 
tions which have been advanced for im- 
proving housing conditions will be examined 
and fused into a single program, according 
to Mr. Post. 


Jasna 
Floodway Work—A Correction 


In the head of a news item concerning 
flood control work being carried on under 
the direction of the International Boundary 
Commission, published last week, it was 
stated that floodway work to be carried on 
in the adjoining towns of Nogales, Sonora, 
and Nogales, Arizona, was on the Rio 
Grande. This statement was in error. 
These towns are located on the border be- 
tween Arizona and Mexico west of the 
point where the Rio Grande forms the 
international boundary. 


DETAILS OF PWA LOANS AND GRANTS FOR NON-FEDERAL WORK 


LOAN AND 
GRANT OR 
LOcaLITY GRANT 
Eau Claire, Wis. (amended) ... L. ca 
Huntingburg, Ind. (amended) ....G..... 

Carlisle, Penn. (amended) 
Milford, Conn. 
Gardner, Kan. 
Savanna, Ill. 

Itasca County, Minn. 
Des Moines, Iowa 
Glen Rose, Texas 
Mascoutah, Ill. 
Pittsburg, Texas 
Warren, Texas 
Broadalbin, } a 
Barnesville, Ohio 
University of Texas 
Beaumont, Texas 
Beaumont, Texas 
Chadwick, Ill. 
Clayton, Miss. 

San Antonio, Texas 
State of Massachusetts 
Granbury, Texas 


TYPE 
Water Supply 
. Waterworks 
Sewage 
sew ance 
. Waterworks 
. Waterworks 
-Buildings . ood 
.Gene ral Improvements . 
.Waterworks & Sewage. 
. Waterworks 
..: Waterworks . 
-School Buile ling 
-School Building 
* Waterworks 
. Buildings 
. Reservoir 
. Waterworks 
.Storage Tank 
“Court House 
, Sewers 
. Highways 
. Waterworks 
- Subway 
... mewage 
, streets ... 
.- smoke § 
.. sewer 
.- Water Tank 
- Sewer 
, Garage 
, Bridge 
-Streets. 
.Water Tank 
- Waterworks 
: Waterworks 
. Waterworks 
- Dormitory 
. Warehouse 
- Buildings 
. Waterworks ‘ 
. Waterworks 
-City Hall Addition.... 
. Sewage 
- Airport 
Dry Dock 
. Sewers 
-Municipal Power 
“Se ower 
.Sewage Plant & Ware- 
house .. 


.Waterworks . 


Winthrop, Mass. 
Lincoln, Neb. 
Blackwell, 
Mansfield, Ohio 
Whittemore, Iowa 
Mansfield, Ohio 
Highland County, 
Sioux City, Iowa 
Des Moines, Iowa 
Ogden, Iowa 
Tooele, Utah (amended) 
Kamas, Utah (amended) 
Uniontown, Ala. 
Butte, Mon. 
Fort Pierce, Fla. 
Rock County, 
Wayne, W. Va. 
Salisbury, Md. 
Columbus, Ohio 
Ceteneviiee. Minn. 
Glynn County, Ga. 
Glynn County, Ga. 
Cumberland, 
Cushing, Okla. 
Canton, Ohio ... 
Lake City, Minn. 


Madison, Ind. 

Brookline, Mass. 

Conway Corp., 
(private) 

Brookline, Mass. 

Williamsburg, Va. 

Quincy, Mass. 

Marshall, 

French Lick, Ind. 

New Bedford, Mass. 

Peoria Heights, Ill. 

Quincy, Mass. 

Santa Monica, Calif. 

Holland, N. Y. 

State of Louisiana 

Whitney, Texas 

Bemidji, Minn. ....... 

New Bedford, Mass. 

Azusa, Calif. 

Tehachapi, 

Cameron, S. C 

Fortuna, Miss. 

Peoria, Ill. 

Redan, Ga. 

State of Massachusetts 

State of senapaenenetin 

Greenwood, 

State of icanbiacctes 

Sumter, S. C. 

Cincinnati, Ohio 

New York, N. 

Hoke County, 

Hope, Ind. 

Kingston, Penn. 

Danville, Ky. 

University of Minnesota. 

State of peneenenusttts ° 

Gibsonville, N. C 

Los Angeles, Calif 

Watonwan County, Minn 

Los Angeles County, Calif. 

Yadkin County, N. C 

Shasta County, Calif. 

Oakland, Calif. 

Wallingford, Conn. 

Rollingstone, Minn. 

Madisonville, Ky. 

State of Massachusetts 

University System of Georgia. 

State of Indiana 

Brantley County, Ga 

Brock, Okla. 

State of Indiana 

East Greenville, ‘ 

State of Massachusetts 

New Bedford, Mass............ 

State of Massachusetts 


(priv — 
Wis. 


sees 


Plant 


-Water Main 
. Waterworks 
* "Sewer 
- Buildings 
. Waterworks 
-Baton Rouge Bridge.. 

.» Water Ext. 
-Sewage 

.- School 

, sewer 

«eeeee School 

.+» Waterworks 

- School 


Mad yd yd ad bd ed ed 


uae 
aA AAAS 


Q 


- School 
-Highways 
E -Highways 


Fe Fe Fe Re Re RP Re 


aA AS 
Mad nd ed ed ee 


“Waterworks 
. Sewer 
Hospital 


as 


.- Waterworks 
, Sewers 


-Fire Station 
er 


‘Building 
Streets 


Slab Roof 
Fire House 


.Storage Tank 
Highways 


Streets 
Total 


WorK 
PRovipeD 
1,200 
300 
720 
3,600 
129 
300 
240 
70 
soo 
400 
480 
130 
450 
600 
.250 
500 
S00 
zt 
3,060 
200 
25 
7,400 
600 


2 
28 
18 
60 
140 
120 
170 
12 
400 
60 
20 
S47 
,250 
392 
90 

2,300 


o7- 
soiv 


120 
600 
105 
200 
700 


MAN-MONTHS 


AMOUNT 
$15 
23,000 


51.006 


© $5,000 


5 
87.000 
‘ 

, 


2 000 
3,200 
000 
63.000 
100,000 
108,000 
40,800 
175,000 
114,000 
1,633,000 
26,000 
216,000 
6,000 
318,000 
115,000 
23.000 
6,000 
23,160,000 
22,000 
14,000 
300 
1,000 
2,000 
4,000 
10,000 
9,000 
10,000 
2,000 
15,000 
3.500 
2.000 
320,000 
380,000 
248,000 
25,000 
39,000 
449,000 
32,000 
105,000 
37,000 
300,000 
350,000 
40,000 


80,000 
60,000 
16,000 


45,000 
33,000 
224,000 
159,000 
143,000 
11,000 
500,000 
84,000 
339,000 
3,000 
81,000 
7,000,000 
8,000 
99,000 
500,000 
180,000 
43,000 
33,000 
1,800 
7,000 
17,000 
35,000 
13,000 
47,000 
164,000 
66,000 
117,009 
4,000,000 


100,000 
86,000 
229,000 
22,000 
2,000 
10,000 
406,000 
199,000 
25,000 
4,000 
10,000 
1,000 
6.000 
42,000 
3,570,000 
11,000 
5,000 
1,000 
24,000 
4,000 
25,000 
428.000 
120,000 


$49,337,600 


Included in this table is the loan and grant of $23,160,900 to the city of New York. 


This loan was recorded in our issue last week. 
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S. B. Slack, Engineer Examiner 
for PWA, Dismissed by Ickes 


Searcy B. Slack, engineer examiner for 
the Division of Inspection of the Public 
Works Administration at Atlanta and 
former bridge engineer for the state high- 
way department, was dismissed by Admini- 
strator Ickes on Dec. 18. In a telegram to 
Mr. Slack Mr. Ickes said: “Following an 
investigation you are hereby separated with 
prejudice as engineer examiner and your 
appointment as state engineer inspector is 
cancelled forhtwith.” 

The official statement concerning Mr. 
Slack’s dismissal says that this action re- 
sulted from establishment of the fact that 
engineer Slack told Georgia State officials 
that he could secure a $2,000,000 allotment 
of public works funds to be used by the 
state highway department for the construc- 
tion of bridges if paid a 5 per cent com- 
mission for services in drawing the. plans 
and specifications for the bridges upon res- 
ignation. 

Mr. Slack in reply to a request from 
this journal for a statement as to his dis- 
missal states: “Due to pressure on the 
state highway department in placing its de- 
layed program under way little attention 
has been given to possibility of securing 
public works funds. I proposed to the 
Governor that if agreeable to state author- 
ity and public work authority I would im- 
mediately resign from my position with the 
state PWA engineers and undertake work 
for the state handling separation of plans 
and supervision of such bridge work as 
might be included on the usual 5 per cent 
fee basis, and road work on the nominal 
cost of handling the application. I made 
no claims of having any influence with the 
PWA and had no discussion in regard to 
paying me any sum or commission for se- 
curing loans. Engineering fees were to be 
paid only on work actually planned and 
supervised. Implication that I tried to 
get 5 per cent commission for securing 
federal loan for bridges is false. No state- 
ment of charges or hearing has been given. 
I dictated a hasty statement not knowing 


NEW YORK BOARD OF 


Thaddeus Merriman, who retired as chief 
engineer of the Board of Water Supply of 
New York City on Nov. 30, was the guest 
of honor at a dinner held in New York 
on Dec. 14. The dinner was given by Mr. 
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for what it was to be used. The state 
advisory board and state engineer PWA 
have been entirely ignored, being given no 
opportunity to investigate or report. Con- 
sider the action hasty, drastic, and unfair.” 


fe 


Robert Ridgway Retires 
From New York Subway Work 


Robert Ridgway, consulting engineer to 
the Board of Transportation of the city of 
New York, retired from active service on 
Dec. 16, after nearly 50 years of continu- 
ous service with the city which began as 
an instrumentman on the aqueduct for the 
Croton system in 1884, 

In November of last year Mr. Ridgway 
retired as chief engineer of the Board of 
Transportation but on account of the death 
of John R. Slattery, deputy chief engineer, 
shortly before the time set for his retire- 
ment, Mr. Ridgway has continued active 
connection with the engineering depart- 
ment of the city’s subway system. 

Jesse B. Snow, division engineer of the 
Board of Transportation, has been named 
to succeed Mr. Ridgway. Until his ap- 
pointment is confirmed his title will be act- 
ing chief engineer. 

Mr. Ridgway expects to take up private 
practice as a consulting engineer. 

2, 
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Indianapolis Track Elevation 
in Difficulties Over Financing 


The track elevation program of the In- 
dianapolis Belt Railroad can only be con- 
tinued if the city receives federal aid on 
its share of the work, according to a state- 
ment made by city officials to the Indiana 
advisory board of the Public Works Ad- 
ministration. The total cost of the work 
is estimated at $6,000,000, of which the 
city would be required to pay $1,428,000, 
assuming that a 30 per cent grant or about 
$1,600,000 could be obtained from the 
PWA. The Belt Railroad would pay 
$2,100,000 and the county $672,000. 


Merriman’s associates on the board, by 
former engineers of the board and engineers 
of the city who have been associated with 
him in consulting and professional work. 
It took the place of the ‘“‘chief’s dinner,’’ 


C. F. Messinger, President 
of Chain Belt Co., Dies 


Clifford F. Messinger, president of +! 
Chain Belt Co., Milwaukee, -Wis., 
well known figure in the construction equ 
ment field, died suddenly of heart fail: 
at his home in Milwaukee on Dec. 12. }\ 
Messinger was born in New Haven, Co: 
in 1889 and graduated from Sheffield S 
entific School, Yale University, in 1911. 7 
same year he went to Milwaukee to ente: 
the service of the Chain Belt Co. as ; 
college apprentice. In 1913 Mr. Messing: 
was appointed advertising manager a: 
then successively became sales manage: 
general manager, vice president and 
December, 1930, president of the compan) 
In addition to his work with the Cha: 
Belt Co., Mr. Messinger took an active pa: 
in related operations in the equipment ma: 
ufacturing field. 
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Difficulties Over Appointments 
Delay Twin City Sanitary Work 


Controversy over the appointment oi 
trustees for the newly organized Minn 
apolis-St. Paul Sanitary District has de 
layed the organization work of the district 
and has resulted in the sending of th: 
chairman, chief engineer and attorney int: 
Washington to confer with the Publi 
Works Administration in order to deter 
mine what steps can be taken to facilitat: 
financing the proposed work of the district 
with PWA funds. The controversy cen 
tered around the appointment of two trus 
tees to represent the city of St. Paul. A 
resolution adopted by the city council ap- 
pointing two trustees was vetoed by thx 
mayor, and after the state attorney-general 
had ruled that the mayor’s veto was valid 
under the city’s charter, the governor ap- 
pointed two men acceptable to the mayor 
Subsequently the state supreme court ruled 
that the appointments made by the city 
council were valid, that the provisions of 
the state act setting up the sanitary district 
are not controlled by the city’s charter 


WATER SUPPLY ENGINEERS HONOR THADDEUS MERRIMAN 


an annual event in the engineering depart- 
ment of the Board of Water Supply since 
the early days of its organization. 

account of Mr. Merriman’s service with the 
board was published in our Nov. 30 issue. 
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Rehearing Begun on Canal 
To Serve Youngstown District 


Reconsideration of the proposed canali- 
zation of the Beaver and Mahoning rivers 
in Pennsylvania and Ohio to serve the 
Youngstown steel district was begun in 
Washington on Dec. 12 before the Board 
of Engineers for Rivers and Harbors of 
the War Department. 

Some time ago the army engineers re- 
ported against the proposed work on the 
ground that it was not economically justi- 
fiable and that there was not adequate 
water supply for the canal system. 


tf 
Water Supply Program of Denver 
To Be Put to Vote on Jan. 23 


Extension of the water supply for the 
city of Denver is the largest among eight 
items to be put to vote at a special election 
to be held on Jan. 23. Recently the Public 
Works Administration authorized the allo- 
cation of funds to be used by the city of 
Denver to bring water to the city from the 
west slope of the mountain through the 
pioneer bore of the Moffat tunnel. 

Other projects included are $2,000,000 
for a sewage disposal plant, $733,000 for 
protective work along the Platte River, and 
$1,000,000 for flood control work on Cherry 
Creek, the stream on which serious dam- 
age occurred in Denver following a cloud- 
burst on the headwaters earlier in the year. 
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New York Requests Funds 
For Incinerator Construction 


New York City has applied to the Public 
Works Administration for a loan and 
grant totalling $5,800,000 to complete its 
program of constructing refuse incinera- 
tors. 

The largest element in the program is 
to be the erection of an incinerator on 
Rikers Island. Detailed plans for this plant 
have not yet been completed but its capac- 
ity is to be in the neighborhood of 2,000 tons 
per day. Not only will the plant burn the 
refuse to be carried to it but it will be 
designed to operate also on the vast amount 
of refuse that has accumulated on Rikers 
Island through many years of dumping. 
A steam boiler will be provided at the 
plant and electric power is to be generated. 

The program also includes the construc- 
tion of three new incinerators, one in 
Manhattan to replace an existing plant 
which is to be abandoned, one in the Bronx, 
and one in Queens to replace the existing 
plant at Flushing. Two other existing in- 
cinerators in the borough of Queens are to 
be enlarged and mechanized. 

Two contracts were awarded during the 
week ending Dec. 16 for the mechanization 
of two existing incinerator plants in Man- 
hattan. 

Action was recently taken by the United 
States Supreme Court allowing the city 
until July 1 to di.continue dumping gar- 
bage and rubbish t sea. The action was 
based upon the complaint of New Jersey 
communities that the sea-dumped refuse 
was being deposited upon northern New 
Jersey beaches. Although the construction 
program cannot be completed for the date 
set, dumping at sea will be discontinued, 
the material now being disposed of in that 
manner being provided for largely through 
increased efficiencies in present methods of 
disposal. 


A. A. Stevenson, Long Active 
in A.S.T.M. Work, Dies 


Archibald A. Stevenson, until his retire- 
ment in 1929 vice-president of the Standard 
Steel Works Co., died at his home in Ard- 
more, Pa., on Dec. 15, age 72 years. Mr. 
Stevenson was born in Allegheny City, Pa., 
and studied engineering for two years at 
the University of Illinois. After several 
years with the Southwark Foundry & Ma- 
chine Co., Philadelphia, he went to the 
Cambria Steel Works, at Johnstown, soon 
becoming foreman of the axle plant. From 


Archibald A. Stevenson 


that company he went to the Standard 
Steel Works Co., Burnham, Pa., as trav- 
eling engineer, and advanced successively 
to the positions of manager of the wheel 
department, assistant superintendent, super- 
intendent, and, in 1908, vice-president. 
While at Burnham he was one of the pio- 
neers in introducing the microscope into 
practical steel investigation. 

Mr. Stevenson had been active in the 
American Society for Testing Materials 
since its organization, having been a mem- 
ber of the International Association for 
Testing Materials at the time the American 
group severed its connection with that or- 
ganization to form a new society on a 
broader basis. Failure of the International 
Association to interest itsel: in standardi- 
zation was one of the reasons for the for- 
mation of the new society, and Mr. Steven- 
son led in developing that feature of the 
society’s work. Dr. Charles B. Dudley and 
Prof. Edgar Marburg, together with Mr. 
Stevenson, were the three men who perhaps 
did more than any others to shape and 
guide the new organization during its early 
years. He served for many years on Com- 
mittee A-1, the iron and steel committee, 
serving as chairman of some of its sub- 
committees for many years. 

He was elected a member of the execu- 
tive committee in 1911, a vice-president in 
1914 and president in 1916. In 1927 he 
was elected an honorary member of the 
society. He also served as president of the 
Association of American Steel Manufac- 
turers, and during the war was chairman 
of the Gun-Howitzer Production Club, an 
organization formed by producers of large 
gun forgings to speed up production. 
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Mr. Stevenson's interest in standardiza- 
tion led to his becoming in 1918 one of 
the organizers of the American 
ing Standards Committee (the present 
American Standards Association), and for 
two years he served as the chairman. He 
also was chairman of the planning com- 
mittee of the Division of Simplified Prac 
tice, U. S. Bureau of Standards. 
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SOCIETY CALENDAR 


AMERICAN CONCRETE INSTITUTE, To- 
ronto, Ontario, Canada, Feb. 20-22, 1934. 

AMERICAN RAILWAY ENGINEERING 
ASSOCIATION, Chicago, Ill, March 13 
14, 1934. 

AMERICAN ROAD BUILDERS ASSOCT- 
ATION, annual-convention, Chicago, Jan. 
22-26, 1934. 

AMERICAN SOCIETY OF CIVIL ENGIT- 
NEERS, annual meeting, New York, Jan. 
17-20, 1934. 

AMERICAN SOCTETY FOR TESTING 
MATERIALS, Atlantic City, N. J., June 
25-29, 1934. 

AMERICAN TOLL BRIDGE ASSOCTA- 
TION will hold its annual convention at 
Cincinnati, Ohio, Jan. 26-27 

AMERICAN WOOD PRESERVERS ASSO- 
CIATION, Houston, Texas, Jan. a 
1934. 

CANADIAN CONSTRUCTION ASSOCTA- 
TION, Toronto, Ont., Jan. 22-26, 1934. 
ENGINEERING INSTITUTE OF CAN- 
ADA, 48th annual general meeting, Mont 

real, Que., Feb. 5-9, 1934. 


23-25, 


School will hold its 20th 
Purdue, Ind., Jan. 22-26, 


Purdue Road 
annual session at 


1934. 


LOS ANGELES CITY AND COUNTY 
ENGINEERS ASSOCIATION has elected 
Clarence J. Schultz, street design engi- 
neer for the city of Los Angeles, as 
president to succeed Howard Il. Stites, 
of Burbank. Arthur E. DeMott has been 
elected vice-president, and Frank Pore 
secretary-treasurer. 


LOS ANGELES SECTION, 


American So- 
Engineers, at its annual 
meeting held Dec. 13, elected Merrill 
Butler, bridge design engineer for the 
city of Los Angeles, president, to succeed 
Ormond Stone. H. L. Doolittle and Ken- 
neth Volk were elected vice-presidents, 
John Albers, treasurer, and Andrew 
Gram, secretary. 


ciety of Civil 


INDIANA SECTION, American Water 
Works Association, meeting Dec. 6 and 
4 at Fort Wayne, approved efforts to re- 
store confidence and employment through 
PWA and CWA. City officials and those 
in charge of water supplies and sewer- 
age systems were urged to carry out 
needed improvements now. The meeting 
followed dedication of the Fort Wayne 
new 25-m.g.d. water purification and 
softening plant treating the Saint Joseph 
River water to replace a hard well water 
high in iron. A symposium on collec- 
tions and meters included results of a 
questionnaire as to shut-off practice. In 
practically all cases rates have been 
modified, partial payments are accepted 
Per cent of delinquencies as reported 
varies from 2.5 to 50 per cent. Relief 
ayencies are making some payments. In 
half the cases customers may work out 
their bills and in half landlords are held 
responsible for bills. Office work due to 

_ delinquencies in Indianapolis has _ in- 
creased 50 per cent. In LaPorte collec- 
tions normal in 1932 now are 20 per cent 
delinquent. Charles Brossman in a paper 
on “Water Works Construction with Re- 
lief Labor” stated that the cost per 
capita for poor relief is double that for 
repaying the investment. Of 17 projects 
the cost per consumer is only 76c. per 
year, varying from 21c. to $2.35, but the 
indebtedness incurred will be paid with- 
out raising rates. Work under CWA in 
Indiana involves 36 water and 86 sewage 
projects, said L. A. Geupel, chief engi- 
neer, Indiana State Board of Health. Of 
27 PWA approved projects six are for 
water and four for sewage works, involv- 
ing more than $3,000,000. Officers elected 
for the ensuing year incluce the follow- 
ing: President, W. C. Mabee; vice-presi- 
dent, C. C. Foutz; secretary-treasurer, C. 
K. Calvert, Indianapolis. 





Personal 


F. W. Younc, formerly with Filtration 
Engineers, Inc., more recently with the 
Pulp Filter Co., has joined the sales or- 
ganization of Oliver United Filters, Inc., 
New York. 

C. Crype Harris, for the past three 
years county supervisor of maintenance at 
Canfield, Ohio, for the state highway de- 
partment, has resigned and Emery StTAHtL- 
smMItH has been appointed to succeed him. 

C. H. Rice, of Dover, N. H., formerly 
employed in the engineering department of 
the Rock Island Lines, has been appointed 
project superintendent for the U. S. Forest 
Service with headquarters at Peru, Vt. 

F. R. Mortner has been appointed ar- 
chitect for the Quartermaster Corps, Pan- 
ama Canal Department, in charge of the 
quarters and technical buildings to be con- 
structed at Albrook Field, Fort Clayton, 
and France Field in the Canal Zone. 

Russett G. Hackett has been appointed 
regional engineer for the Civil Works Ad- 
ministration in the region comprising Cali- 
fornia, Nevada, Utah, Arizona, and New 
Mexico. He is a civil engineering gradu- 
ate of Stanford University with 20 years’ 


Engineering News-Record — December 21, 193 


design and construction experience in the 
Pacific States and South America. 

Joun Crawrorp, formerly construction 
superintendent for W. H. Gahagan, Inc., 
Brooklyn, is now with the U. S. Bureau of 
Public Roads on highway construction 
work in Oklahoma with headquarters at 
Oklahoma City. 

Rosert L. Oates, formerly a subcon- 
tractor on the Wachusett-Coldbrook tunnel 
of the Boston water supply system, is now 
with the Arundel Corp. on the construction 
of the new Hoffman St. tunnel through 
the city of Baltimore for the Pennsylvania 
Railroad. 

R. C. Cuaney, former county planning 
engineer of Cuyahoga County, Ohio, Cleve- 
land, has been appointed assistant state 
engineer inspector, Ohio, Federal Emer- 
gency Administration of Public Works. 
Joun B. pe HAMEL is state engineer in- 
spector. 

Greorce K. Lronarp of Lincoln, Neb., 
for the past twenty years associated with 
Woods Bros. Construction Co. and with 
the Nebraska state highway department, 
has been appointed assistant to the engi- 
neer in charge of construction on the Joe 
Wheeler Dam on the Tennessee River for 
the Tennessee Valley Authority. 


Obituary 


James P. Browne tt, former engine: 
for the village of Carthage, N. Y., dic 
there on Dec. 17, age 65 years. M: 
3rownell was a graduate of Cornell Un 
versity in the class of 1891. 


Grorce W. Currter, for fifteen years a 
engineer of the bridge department of th 
city of Boston prior to his retirement about 
four years ago at the age of 70, died ri 
cently at his home in Wollaston, Mass. 


C. D. Smiru, former railroad contractor 
died at Memphis, Dec. 13, age 69 year. 
Mr. Smith was connected with the con 
struction of the Santa Fe line across tl 
Mojave desert and with much of the rail 
way construction work in Mississippi. H: 
also was engaged on subway work in Ne 


York. 


Jack V. Lunp, a member of the firm oi 
Charles E. Lund Associates, engineers, St 
Petersburg and Tampa, Fla., was killed i 
an automobile accident at Mariana, Fla 
on Dec. 13. Mr. Lund, before enterin; 
into association with his father in eng 
neering practice, was a member of the staff 
of Parsons, Klapp, Brinckerhoff & Doug 
las, consulting engineers, New York. - 


CONSTRUCTION STATISTICS OF THE WEEK 


ee gain in public and a substantial gain in private 
construction contracts raised the total this week to $33,628,- 
000, an increase of 14 per cent over the previous week and 63 
average 
vate contracts this is the third heaviest week this year, $13,003,- 
000, exceeded only in the last week of September and the first 
Large individual contracts contributing to this 
record include the New York Central Railroad grade separation 
award in Syracuse, $4,021,097, Irvington Housing Corporation 
apartments, Irvington; New Jersey, $2,678,850, and the Mathieson 
Chemical Co. plant, Lake Charles, La., $5,000,000. 

In the public awards highways maintained their high rate of 
awards, $10,100,000 compared with $10,500,000 and $10,000,000 


per cent over the year’s weekly 


week of June. 


CONTRACTS 
(Thousands of Dollars) 
Weekly Average Week 
Dec. Prev. 4 Dec, 2 
1932 193: 
Federal Government $6,095 
State and municipal.10,024 


Total public ....$16,119 $22,310 


$20,625 
Total private .. 4,553 


13,003 
$33,628 
... $1,052,341 
NEW PRODUCTIVE CAPITAL 

(Thousands of Dollars) 
Week 


Dec. 21, 
1933 
133 


..$20,672 $28,504 
to date: 
. $1,198,637 


Weeks total 
Cumulative 


1932 1933. 


Cumu- 
lative 
1933 
$275,315 
874,095 
51,248 
198,478 


Total new capital... $1,399,136 
Cumulative, 1932 $705,750 

Note: These figures include private bonds 
and stock sold for productive purposes; 
state and municipal bonds for construction ; 
R.F.C. advances for self-liquidating loans; 
PWA loans and grants to state and mu- 
nicipalities, including the special highway 
funds; and PWA private loans. 


State and municipal...$ 
PWA allotments, public 53 
Corporate issues .. ‘ 
PWA allotments, private 


INDEX NUMBERS 


E.N.-R.-Volume 
November, 1933 
October, 1933..... 
November, 1932.. 
1932 (Average) 

1931 (Average) 

1930 (Average) 
ons .. 100 


E.N.-R.-Cost 
December, 1933 
November, 1933 
December, 1932 
1932 (Average) 
1931 (Average) 181.35 
1930(Average)... 202.35 
1913 (Average) 


192.14 
190.14 
158. 46 
156.97 


to date. On 


pri- 
in Georgia, digester 


met, Ind., $1,189,000. 


respectively the two preceding weeks. 
dropped slightly below the preceding week. 
projects in the public 
000 in one block in Kansas, $1,120,000 in New York, $1,047,00( 


Federal work at $5,600,00 
Large individua 
awards include highway awards of $1,157 


tanks Cleveland sewage treatment plant 


$1,091,000, Bonnet Carre Spillway bridge, Louisiana, $1,084,000 
Lock No. 5, at Winona, Minn., $1,405,000 and dredging at Calu 


New capital topped its increase of last week at a total of $00 
548,000 of which $6,352,000 was for private construction and 
$54,196,000 for public. 
financing, This included the $26,160,000 allotment for completic: 
of the New York subway work. 


Of this total $59,147,000 was PWA 


CONTRACTS -WEEKLY AVERAGES 
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ENGINEERING CONSTRUCTION CONTRACTS 


AS REPORTED BY E.N-R 
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